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ʆɹʑɸʗ ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ ʈɸɹʆʊʓ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʧʨʦʙʣʝʤʳ 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʜʣʷ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʛʦ ʛʝʥʦʤʘ ʨʘʩʪʝʥʠʡ ʭʘʨʘʢʪʝʨʥʘ ʫʜʠʚʠʪʝʣʴʥʦ 

ʚʳʩʦʢʘʷ, ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʜʨʫʛʠʤʠ ʛʝʥʦʤʘʤʠ, ʯʘʩʪʦʪʘ ʩʦʙʳʪʠʡ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʠ 

ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʛʦ ʧʝʨʝʥʦʩʦʚ (Sanchez-Puerta, 2014). ɺʳʩʦʢʘ ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʥʘ 

ʩʪʨʫʢʪʫʨʫ ʠ ʜʠʥʘʤʠʢʫ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʛʦ ʛʝʥʦʤʘ ʨʘʩʪʝʥʠʡ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʤʦʞʝʪ 

ʦʢʘʟʳʚʘʪʴ ʥʘʣʠʯʠʝ ʫ ʤʠʪʦʭʦʥʜʨʠʡ ʧʨʠʨʦʜʥʦʡ ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ ï ʩʧʦʩʦʙʥʦʩʪʠ ʧʦʛʣʦʱʘʪʴ 

ɼʅʂ ʠʟ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʕʪʦʪ ʬʝʥʦʤʝʥ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʙʳʣ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥ ʜʣʷ 

ʨʘʩʪʝʥʠʡ (Koulintchenko et al., 2003; Konstantinov et al., 2016), ʥʦ ʚ ʜʘʣʴʥʝʡʰʝʤ ʙʳʣ ʦʧʠʩʘʥ 

ʠ ʜʣʷ ʤʠʪʦʭʦʥʜʨʠʡ ʤʣʝʢʦʧʠʪʘʶʱʠʭ (Koulintchenko et al., 2006) ʠ ʜʨʦʞʞʝʡ (Weber-Lotfi  et 

al., 2009). ʄʠʪʦʭʦʥʜʨʠʠ ʪʘʢʞʝ ʠʤʧʦʨʪʠʨʫʶʪ ʈʅʂ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʪʈʅʂ.  

ɺ ʦʪʣʠʯʠʝ ʦʪ ʠʤʧʦʨʪʘ ʙʝʣʢʦʚ ʠ ʪʈʅʂ, ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʨʦʣʴ ʠ ʤʦʣʝʢʫʣʷʨʥʳʡ ʤʝʭʘʥʠʟʤ 

ʠʤʧʦʨʪʘ ɼʅʂ ʚ ʤʠʪʦʭʦʥʜʨʠʠ ʜʦ ʩʠʭ ʧʦʨ ʦʩʪʘʶʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʟʫʯʝʥʥʳʤʠ. ʉʦʛʣʘʩʥʦ 

ʙʦʣʝʝ ʨʘʥʥʠʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ (Koulintchenko et al., 2003; Delage et al., 2003; Weber-Lotfi et 

al., 2009) ʦʩʥʦʚʥʳʤ ʢʘʥʘʣʦʤ ʠʤʧʦʨʪʘ ɼʅʂ ʠ ʪʈʅʂ ʚ ʤʠʪʦʭʦʥʜʨʠʠ ʨʘʩʪʝʥʠʡ ʥʘ ʫʨʦʚʥʝ 

ʚʥʝʰʥʝʡ ʤʝʤʙʨʘʥʳ ʷʚʣʷʝʪʩʷ VDAC. ɺ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʠʤʧʦʨʪʘ ʪʈʅʂ ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʫ ʨʘʩʪʝʥʠʡ ʚ ʵʪʦʪ ʧʨʦʮʝʩʩ ʚʦʚʣʝʯʝʥʳ ʪʘʢʞʝ ʠ ʢʦʤʧʦʥʝʥʪʳ ʘʧʧʘʨʘʪʘ ʠʤʧʦʨʪʘ 

ʙʝʣʢʦʚ (Campo et al., 2017; Verechshagina et al., 2018). ʇʨʦʪʝʦʤʥʳʡ ʘʥʘʣʠʟ ʠʟʤʝʥʝʥʠʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʤʝʯʝʥʳʭ ʙʝʣʢʦʚ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ɼʅʂ, ʧʦʟʚʦʣʠʣ ʚʳʷʚʠʪʴ 

ʥʝʩʢʦʣʴʢʦ ʤʝʤʙʨʘʥʥʳʭ ʙʝʣʢʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʫʯʘʩʪʠʶ ʚ 

ʠʤʧʦʨʪʝ ɼʅʂ ʚ ʤʠʪʦʭʦʥʜʨʠʠ ʘʨʘʙʠʜʦʧʩʠʩʘ (Weber-Lotfi et al., 2015). ʆʜʠʥ ʠʟ ʵʪʠʭ ʙʝʣʢʦʚ, 

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢ ɓ-ʩʫʙʲʝʜʠʥʠʮʳ ɸʊʌ-ʩʠʥʪʘʟʳ, ʥʘ ʫʨʦʚʥʝ ʚʥʝʰʥʝʡ ʤʝʤʙʨʘʥʳ ʤʦʞʝʪ 

ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ VDAC ʚ ʧʨʦʮʝʩʩʝ ʩʚʷʟʳʚʘʥʠʷ ɼʅʂ; ʜʨʫʛʦʡ ʙʝʣʦʢ, ʩʫʙʲʝʜʠʥʠʮʘ 

ʢʦʤʧʣʝʢʩʘ I, CuBP, ʚʦʟʤʦʞʥʦ, ʚʳʧʦʣʥʷʝʪ ʨʝʮʝʧʪʦʨʥʫʶ ʬʫʥʢʮʠʶ ʚ ʤʝʞʤʝʤʙʨʘʥʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ (Weber-Lotfi et al., 2015). ʇʝʨʝʥʦʩ ɼʅʂ ʯʝʨʝʟ ʚʥʫʪʨʝʥʥʶʶ ʤʝʤʙʨʘʥʫ ʚ 

ʤʘʪʨʠʢʩ ʦʩʪʘʝʪʩʷ ʤʘʣʦʠʟʫʯʝʥʥʳʤ ʠ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʚ ʨʘʩʪʝʥʠʷʭ ʠ ʫ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʩ 

ʫʯʘʩʪʠʝʤ ʨʘʟʣʠʯʥʳʭ ʤʝʭʘʥʠʟʤʦʚ: ʠʥʛʠʙʠʪʦʨʳ ʙʝʣʢʘ-ʧʝʨʝʥʦʩʯʠʢʘ ʚʥʫʪʨʝʥʥʝʡ ʤʝʤʙʨʘʥʳ 

ʘʜʝʥʠʥʥʫʢʣʝʦʪʠʜʪʨʘʥʩʣʦʢʘʟʳ ʙʣʦʢʠʨʫʶʪ ʠʤʧʦʨʪ ɼʅʂ ʚ ʨʘʩʪʝʥʠʷʭ, ʥʦ ʥʝ ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ 

ʤʣʝʢʦʧʠʪʘʶʱʠʭ (Koulintchenko et al., 2006). 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ (Weber-Lotfi et al., 2015) ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ ʦ ʩʣʦʞʥʦʤ 

ʭʘʨʘʢʪʝʨʝ ʚʟʘʠʤʦʜʝʡʩʚʠʷ ʩʦʚʤʝʩʪʥʦʛʦ ʠʤʧʦʨʪʘ ɼʅʂ ʨʘʟʥʦʡ ʜʣʠʥʳ ʠ ʪʈʅʂ, ʫʢʘʟʳʚʘ ̫ʥʘ ʪʦ, 

ʯʪʦ ʪʨʘʥʩʧʦʨʪ ɼʅʂ ʚ ʤʠʪʦʭʦʥʜʨʠʠ ʨʘʩʪʝʥʠʡ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʧʦʩʨʝʜʩʪʚʦʤ ʥʝʩʢʦʣʴʢʠʭ 

ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʤʝʭʘʥʠʟʤʦʚ, ʧʨʠ ʫʯʘʩʪʠʠ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʙʝʣʢʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʄʳ 

ʧʦʣʘʛʘʝʤ, ʯʪʦ ʧʝʨʝʥʦʩ ɼʅʂ ʚ ʤʠʪʦʭʦʥʜʨʠʠ ʧʨʦʠʩʭʦʜʠʪ ʯʝʨʝʟ ʵʪʘʧʳ ʨʝʮʝʧʮʠʠ ʤʦʣʝʢʫʣʳ 

ʥʫʢʣʝʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ ʙʝʣʢʘʤʠ ʚʥʝʰʥʝʡ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʡ ʤʝʤʙʨʘʥʳ ʠ 

ʝʝ ʧʦʩʣʝʜʫʶʱʝʡ ʪʨʘʥʩʣʦʢʘʮʠʠ ʯʝʨʝʟ ʙʝʣʢʦʚʳʡ ʢʘʥʘʣ ʠʣʠ ʧʦʨʫ ʚ ʜʚʦʡʥʦʡ ʤʝʤʙʨʘʥʝ. ʀʩʭʦʜʷ 

ʠʟ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʦ ʪʦʤ, ʯʪʦ ʪʨʘʥʩʧʦʨʪ ɼʅʂ ʚ ʤʠʪʦʭʦʥʜʨʠʠ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʨʝʜʩʪʚʦʤ ʥʝ 

ʦʜʥʦʛʦ, ʘ ʥʝʩʢʦʣʴʢʠʭ ʤʝʤʙʨʘʥʥʳʭ ʢʘʥʘʣʦʚ, ʵʪʦʪ ʧʨʦʮʝʩʩ ʤʦʞʝʪ ʠʤʝʪʴ ʩʣʦʞʥʫʶ 

ʢʠʥʝʪʠʯʝʩʢʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʩʫʙʩʪʨʘʪ-ʙʝʣʢʦʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ.     

ʂʨʦʤʝ ʪʦʛʦ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʤʠʪʦʭʦʥʜʨʠʠ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʦʙʦʡ ʛʝʪʝʨʦʛʝʥʥʫʶ ʧʦʧʫʣʷʮʠʶ ʢʣʝʪʦʯʥʳʭ ʦʨʛʘʥʝʣʣ, ʪ.ʝ. ʩʫʱʝʩʪʚʫʝʪ ʠʭ ʩʪʨʫʢʪʫʨʥʘʷ ʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʚ ʨʘʩʪʠʪʝʣʴʥʦʡ ʠʣʠ ʞʠʚʦʪʥʦʡ ʢʣʝʪʢʝ (Lund et al., 1958; 

Bain et al., 1964; Berl and Clarke, 1969; Solomos et al., 1972; Malhotra and Spencer, 1973; 

ɹʝʣʷʢʦʚʠʯ, 1990; Dai et al., 1998; Logan et al., 2001; ʐʠʰʤʘʢʦʚ ʠ ʜʨ., 2004; Logan, 2006; 

Howell et al., 2006; Petrussa et al., 2008; ɹʝʛʫʥʦʚʘ ʠ ɺʝʢʰʠʥ, 2015). ʂ ʢʨʠʪʝʨʠʷʤ ʨʘʟʣʠʯʠʷ 

ʩʫʙʧʦʧʫʣʷʮʠʡ ʤʠʪʦʭʦʥʜʨʠʡ ʦʪʥʦʩʷʪ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ, ʬʝʨʤʝʥʪʘʪʠʚʥʫʶ 

ʘʢʪʠʚʥʦʩʪʴ, ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʡ ʪʨʘʥʩʤʝʤʙʨʘʥʥʳʡ ʧʦʪʝʥʮʠʘʣ (ȹɊm), ʢʦʧʠʡʥʦʩʪʴ 

ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʡ ɼʅʂ, ʘ ʪʘʢʞʝ ʠʤʧʦʨʪ ʙʝʣʢʦʚ, ʞʠʟʥʝʥʥʦ ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʥʦʨʤʘʣʴʥʦʛʦ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʦʨʛʘʥʝʣʣʳ. ʆʜʥʘʢʦ, ʥʠʢʘʢʠʭ ʜʘʥʥʳʭ ʦ ʩʚʷʟʠ ʧʨʦʮʝʩʩʘ ʠʤʧʦʨʪʘ ɼʅʂ ʚ 

ʤʠʪʦʭʦʥʜʨʠʠ ʩ ʛʝʪʝʨʦʛʝʥʥʦʩʪʴʶ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʡ ʧʦʧʫʣʷʮʠʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝ 

ʩʫʱʝʩʪʚʫʝʪ. 
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ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʩʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʤʧʦʨʪʘ ɼʅʂ ʚ ʤʠʪʦʭʦʥʜʨʠʠ ʞʠʚʦʪʥʳʭ ʠ 

ʨʘʩʪʝʥʠʡ, ʧʨʦʚʦʜʠʚʰʠʝʩʷ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ, ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʥʘ ʫʨʦʚʥʝ 

ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʤʠʪʦʭʦʥʜʨʠʡ. ɼʦ ʥʘʩʪʦʷʱʝʛʦ ʤʦʤʝʥʪʘ ʦʩʪʘʝʪʩʷ ʥʝʷʩʥʳʤ, ʧʨʦʠʩʭʦʜʠʪ ʣʠ 

ʠʤʧʦʨʪ ʥʘ ʫʨʦʚʥʝ ʮʝʣʳʭ ʢʣʝʪʦʢ ʠ ʩʦʭʨʘʥʷʶʪʩʷ ʣʠ in vivo ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ, 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʥʳʝ ʨʘʥʝʝ in organello. ʈʘʟʨʘʙʦʪʢʘ ʩʠʩʪʝʤʳ, ʧʦʟʚʦʣʷʶʱʝʡ ʠʟʫʯʘʪʴ 

ʤʝʭʘʥʠʟʤʳ ʧʝʨʝʥʦʩʘ ʤʦʣʝʢʫʣ ɼʅʂ ʠʟ ʮʠʪʦʧʣʘʟʤʳ ʚ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʡ ʤʘʪʨʠʢʩ ʚ ʮʝʣʳʭ 

ʢʣʝʪʢʘʭ, ʧʦʤʠʤʦ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʟʥʘʯʠʤʦʩʪʠ, ʤʦʞʝʪ ʧʦʩʣʫʞʠʪʴ ʦʪʧʨʘʚʥʦʡ ʪʦʯʢʦʡ ʜʣʷ 

ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʤʪ-ʛʝʥʦʤʘ ʚʳʩʰʠʭ ʨʘʩʪʝʥʠʡ, ʯʨʝʟʚʳʯʘʡʥʦ ʚʘʞʥʦʡ ʠ, ʥʘ 

ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ, ʥʝʨʝʰʝʥʥʦʡ ʟʘʜʘʯʠ. 

ʀʩʭʦʜʷ ʠʟ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ, ʮʝʣʴ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ï  ʧʨʦʚʝʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʦʣʠ 

ʬʘʢʪʦʨʦʚ, ʙʝʣʢʦʚʦʡ ʠ ʥʝʙʝʣʢʦʚʦʡ ʧʨʠʨʦʜʳ, ʦʢʘʟʳʚʘʶʱʠʭ ʚʣʠʷʥʠʝ ʥʘ ʦʨʛʘʥʠʟʘʮʠʶ 

ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʠʩʪʝʤʳ ʨʘʩʪʠʪʝʣʴʥʳʭ ʤʠʪʦʭʦʥʜʨʠʡ, ʚ ʠʤʧʦʨʪʝ ɼʅʂ ʨʘʟʥʦʡ ʜʣʠʥʳ. ɼʣʷ 

ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʙʳʣʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1. ʈʘʟʨʘʙʦʪʘʪʴ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ, ʧʦʟʚʦʣʷʶʱʠʡ ʠʟʫʯʘʪʴ ʧʨʦʮʝʩʩ ʠʤʧʦʨʪʘ ɼʅʂ ʚ 

ʤʠʪʦʭʦʥʜʨʠʠ in organello ʠ in vivo (ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʩʪʝʤʳ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 

ʧʨʦʪʦʧʣʘʩʪʦʚ A. thaliana). 

2. ʀʟʫʯʠʪʴ ʢʠʥʝʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʤʧʦʨʪʘ ɼʅʂ ʨʘʟʥʦʡ ʜʣʠʥʳ ʚ 

ʨʘʩʪʠʪʝʣʴʥʳʝ ʤʠʪʦʭʦʥʜʨʠʠ.  

3. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʩʝʨʮʠʦʥʥʳʭ ʤʫʪʘʥʪʦʚ A. thaliana ʠʩʩʣʝʜʦʚʘʪʴ ʨʦʣʴ ʚ ʠʤʧʦʨʪʝ 

ɼʅʂ ʙʝʣʢʦʚ, ʩʧʦʩʦʙʥʳʭ ʢ ʪʨʘʥʩʧʦʨʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚʦ ʚʥʝʰʥʝʡ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʡ 

ʤʝʤʙʨʘʥʝ (ʠʟʦʬʦʨʤ VDAC, TSPO, OM47), ʧʦʪʝʥʮʠʘʣʴʥʦ ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʤʝʞʦʨʛʘʥʝʣʴʥʳʭ ʢʦʥʪʘʢʪʥʳʭ ʩʘʡʪʦʚ (MIC60), ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʧʨʦʮʝʩʩʘʭ ʜʝʣʝʥʠʷ/ʩʣʠʷʥʠʷ 

ʤʠʪʦʭʦʥʜʨʠʡ (DRP3A ʠ DRP3B).  

4. ʀʟʫʯʠʪʴ ʚʦʟʤʦʞʥʦʝ ʚʣʠʷʥʠʝ ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʭ ʧʦʧʫʣʷʮʠʡ ʚ ʨʘʩʪʠʪʝʣʴʥʦʡ ʢʣʝʪʢʝ ʥʘ ʧʨʦʮʝʩʩ ʠʤʧʦʨʪʘ ɼʅʂ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ 

ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʨʘʙʦʪʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʚʫʭ ʩʠʩʪʝʤ ï in organello ʠ in vivo ï

ʚʧʝʨʚʳʝ ʠʩʩʣʝʜʦʚʘʥʘ ʨʦʣʴ ʙʝʣʢʦʚ-ʧʝʨʝʥʦʩʯʠʢʦʚ ʚʥʝʰʥʝʡ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʡ ʤʝʤʙʨʘʥʳ 

A.thaliana, ʘ ʠʤʝʥʥʦ: 1) ʠʟʦʬʦʨʤ VDAC, ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʛʦ ʧʦʨʠʥʘ (VDAC1, VDAC2, 

VDAC3, VDAC4); 2) ʙʝʣʢʘ ʚʥʝʰʥʝʡ ʤʝʤʙʨʘʥʳ ʨʘʩʪʠʪʝʣʴʥʳʭ ʤʠʪʦʭʦʥʜʨʠʡ TSPO; 3) 

ʩʫʙʲʝʜʠʥʠʮʳ MIC60, ʣʦʢʘʣʠʟʫʶʱʝʡʩʷ ʚʦ ʚʥʫʪʨʝʥʥʝʡ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʡ ʤʝʤʙʨʘʥʝ; 4) 

ʙʝʣʢʘ ʚʥʝʰʥʝʡ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʡ ʤʝʤʙʨʘʥʳ OM47; 5) ʩʫʙʲʝʜʠʥʠʮ ʘʩʩʦʮʠʠʨʦʚʘʥʥʦʛʦ ʩ 

ʚʥʝʰʥʝʡ ʤʝʤʙʨʘʥʦʡ ʤʠʪʦʭʦʥʜʨʠʡ ʙʝʣʢʘ DRP3, ʫʯʘʩʪʥʠʢʘ ʧʨʦʮʝʩʩʘ ʜʝʣʝʥʠʷ ʤʠʪʦʭʦʥʜʨʠʡ - 

DRP3A ʠ DRP3B. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʦʪʩʫʪʩʪʚʠʝ ʣʶʙʦʡ ʠʟ ʠʟʦʬʦʨʤ VDAC, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ 

VDAC3, ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʩʠʣʝʥʠʶ ʧʨʦʮʝʩʩʘ ʠʤʧʦʨʪʘ ɼʅʂ, ʚʦʟʤʦʞʥʦ 

ʚʩʣʝʜʩʪʚʠʝ ʢʦʤʧʝʥʩʘʪʦʨʥʦʛʦ ʵʬʬʝʢʪʘ, ʚʳʟʚʘʥʥʦʛʦ ʧʦʚʳʰʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʚ ʤʝʤʙʨʘʥʝ 

ʠʟʦʬʦʨʤʳ VDAC3 ʠ/ʠʣʠ ʩʪʨʫʢʪʫʨʥʳʭ ʧʝʨʝʩʪʨʦʝʢ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʡ ʤʝʤʙʨʘʥʳ. ʇʦʢʘʟʘʥʦ, 

ʯʪʦ ʙʝʣʦʢ TSPO ʥʝ ʷʚʣʷʝʪʩʷ ʫʯʘʩʪʥʠʢʦʤ ʦʩʥʦʚʥʦʛʦ ʤʝʭʘʥʠʟʤʘ, ʪʨʘʥʩʣʦʮʠʨʫʶʱʝʛʦ ɼʅʂ ʚ 

ʤʠʪʦʭʦʥʜʨʠʠ, ʥʦ ʤʦʞʝʪ ʙʳʪʴ ʯʘʩʪʴʶ ʢʘʢʦʛʦ-ʪʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʫʪʠ, ʚ 

ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ ʠʤʧʦʨʪʘ ʧʦʚʳʰʝʥʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ɼʅʂ-ʩʫʙʩʪʨʘʪʘ. ɼʣʷ ʙʝʣʢʘ 

ʚʥʝʰʥʝʡ ʤʝʤʙʨʘʥʳ OM47, ʠʤʝʶʱʝʛʦ ʘʥʠʦʥ-ʪʨʘʥʩʧʦʨʪʥʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʙʝʣʢʘ ʚʥʫʪʨʝʥʥʝʡ 

ʤʝʤʙʨʘʥʳ MIC60, ʧʦʪʝʥʮʠʘʣʴʥʦ ʫʯʘʩʪʚʫʶʱʝʛʦ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʢʦʥʪʘʢʪʦʚ ʤʠʪʦʭʦʥʜʨʠʡ ʠ 

ʵʥʜʦʧʣʘʟʤʘʪʠʯʝʩʢʦʛʦ ʨʝʪʠʢʫʣʫʤʘ (ʕʈ), ʠ ʙʝʣʢʘ DRP3, ʠʛʨʘʶʱʝʛʦ ʨʦʣʴ ʚ ʜʝʣʝʥʠʠ 

ʤʠʪʦʭʦʥʜʨʠʡ, ʨʦʣʠ ʚ ʠʤʧʦʨʪʝ ɼʅʂ ʥʝ ʫʩʪʘʥʦʚʣʝʥʦ.  

ʀʩʩʣʝʜʦʚʘʥʘ ʢʠʥʝʪʠʯʝʩʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʧʨʦʮʝʩʩʘ ʠʤʧʦʨʪʘ ɼʅʂ ʚ ʤʠʪʦʭʦʥʜʨʠʠ S. 

tuberosum ʦʪ ʨʘʟʤʝʨʘ ʠ ʢʦʣʠʯʝʩʪʚʘ ʠʤʧʦʨʪʠʨʫʝʤʦʛʦ ɼʅʂ-ʩʫʙʩʪʨʘʪʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʟʘʚʠʩʠʤʦʩʪʴ ʠʤʧʦʨʪʘ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ɼʅʂ-ʩʫʙʩʪʨʘʪʘ ʠʤʝʝʪ ʨʘʟʣʠʯʥʳʡ ʭʘʨʘʢʪʝʨ ʜʣʷ ɼʅʂ 

ʨʘʟʥʦʡ ʜʣʠʥʳ: 1) ʣʠʥʝʡʥʳʡ ʜʣʷ ɼʅʂ ʤʘʣʦʡ ʜʣʠʥʳ; 2) ʩʪʫʧʝʥʯʘʪʳʡ ʜʣʷ ɼʅʂ ʩʨʝʜʥʝʡ ʜʣʠʥʳ. 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʠʤʧʦʨʪ ɼʅʂ ʩʨʝʜʥʝʡ ʜʣʠʥʳ 

ʧʨʦʠʩʭʦʜʠʪ ʚ ʤʠʪʦʭʦʥʜʨʠʠ ʧʦʩʨʝʜʩʪʚʦʤ ʥʝʩʢʦʣʴʢʠʭ ʤʝʭʘʥʠʟʤʦʚ.  

ɺʧʝʨʚʳʝ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʤʧʦʨʪʘ ɼʅʂ ʩʪʨʫʢʪʫʨʥʦ-

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʤʠʪʦʭʦʥʜʨʠʡ, ʬʦʨʤʠʨʫʶʱʠʭ ʨʘʟʥʳʝ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʝ 
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ʧʦʧʫʣʷʮʠʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʤʠʪʦʭʦʥʜʨʠʠ, ʦʙʣʘʜʘʶʱʠʝ ʤʝʥʝʝ ʩʬʦʨʤʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʦʡ 

ʚʥʫʪʨʝʥʥʠʭ ʤʝʤʙʨʘʥ, ʧʨʦʷʚʣʷʶʪ ʙʦʣʝʝ ʚʳʨʘʞʝʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʠʤʧʦʨʪʫ ɼʅʂ. 

ɺ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥ ʥʦʚʳʡ ʧʦʜʭʦʜ ʢ ʠʟʫʯʝʥʠʶ ʠʤʧʦʨʪʘ ɼʅʂ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʩʪʝʤʳ in vivo. ʇʦʢʘʟʘʥʦ, ʯʪʦ 1) ɼʅʂ ʵʬʬʝʢʪʠʚʥʦ ʪʨʘʥʩʣʦʮʠʨʫʝʪʩʷ ʠʟ 

ʮʠʪʦʧʣʘʟʤʳ ʚ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʡ ʤʘʪʨʠʢʩ ʚ ʧʨʦʪʦʧʣʘʩʪʘʭ ʘʨʘʙʠʜʦʧʩʠʩʘ; 2) ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʠʤʧʦʨʪʘ ɼʅʂ in vivo ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ ʠʤʧʦʨʪʘ ɼʅʂ ʚ ʩʠʩʪʝʤʝ in organello, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʧʨʝʜʧʦʣʦʞʠʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʢʣʝʪʦʯʥʳʭ ʬʘʢʪʦʨʦʚ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ 

ʵʬʬʝʢʪʠʚʥʦʤʫ ʪʨʘʥʩʧʦʨʪʫ ɼʅʂ ʚ ʤʠʪʦʭʦʥʜʨʠʠ. 

ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺ ʨʘʙʦʪʝ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʤʝʪʦʜʳ ʠ ʧʦʜʭʦʜʳ: ʚʳʜʝʣʝʥʠʝ ʠ ʦʯʠʩʪʢʘ 

ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʤʠʪʦʭʦʥʜʨʠʡ ʯʝʪʳʨʝʭ ʨʘʩʪʠʪʝʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ (Arabidopsis thaliana, 

Solanum tuberosum, Brassica rapa, Zea mays), ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ, ʦʮʝʥʢʘ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʤʠʪʦʭʦʥʜʨʠʡ, ʵʣʝʢʪʨʦʬʦʨʝʟ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʭ ʙʝʣʢʦʚ ʚ 

ʧʦʣʠʘʢʨʠʣʘʤʠʜʥʦʤ ʛʝʣʝ, ʦʧʨʝʜʝʣʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʜʳʭʘʪʝʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʝʪʦʜʦʤ BN-

PAGE, ʧʦʣʫʯʝʥʠʝ ʬʣʫʦʨʝʩʮʝʥʪʥʦ ʤʝʯʝʥʳʭ ʠ çʭʦʣʦʜʥʳʭè ʥʝʤʝʯʝʥʳʭ ɼʅʂ-ʩʫʙʩʪʨʘʪʦʚ 

ʠʤʧʦʨʪʘ ʧʨʠ ʧʦʤʦʱʠ ʘʤʧʣʠʬʠʢʘʮʠʠ ʚ ʇʎʈ, ʤʝʪʦʜ ʇʎʈ-ʛʝʥʦʪʠʧʠʨʦʚʘʥʠʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʛʦʤʦʟʠʨʦʪʥʳʭ ʣʠʥʠʡ ʘʨʘʙʠʜʦʧʩʠʩʘ, ʧʨʦʚʝʜʝʥʠʝ ʠʤʧʦʨʪʘ ɼʅʂ ʚ ʤʠʪʦʭʦʥʜʨʠʠ in organello, 

ʠʤʧʦʨʪ ɼʅʂ ʚ ʨʘʩʪʠʪʝʣʴʥʳʝ ʤʠʪʦʭʦʥʜʨʠʠ ʚ ʩʠʩʪʝʤʝ in vivo, ʵʢʩʪʨʘʢʮʠʷ ʥʫʢʣʝʠʥʦʚʳʭ 

ʢʠʩʣʦʪ, ʬʣʫʦʨʝʩʮʝʥʪʥʳʡ ʤʝʪʦʜ ʘʥʘʣʠʟʘ ʠʤʧʦʨʪʘ ɼʅʂ, ʢʦʣʠʯʝʩʪʚʝʥʥʘ ̫ʇʎʈ ʚ ʨʝʞʠʤʝ 

ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ (ʇʎʈ-ʈɺ), ʩʠʥʪʝʟ ʢɼʅʂ, ʦʙʨʘʪʥʦ-ʪʨʘʥʩʢʨʠʧʪʘʟʥʘʷ ʇʎʈ ʚ ʨʝʞʠʤʝ 

ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ (ʆʊ-ʇʎʈ-ʈɺ), ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ. 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ 

ʇʦʣʫʯʝʥʳ ʥʦʚʳʝ ʜʘʥʥʳʝ ʦ ʬʘʢʪʦʨʘʭ, ʚʣʠʷʶʱʠʭ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʪʨʘʥʩʧʦʨʪʥʳʭ 

ʩʠʩʪʝʤ ʨʘʩʪʠʪʝʣʴʥʳʭ ʤʠʪʦʭʦʥʜʨʠʡ, ʢʦʪʦʨʳʝ ʫʯʘʩʪʚʫʶʪ ʚ ʠʤʧʦʨʪʝ ɼʅʂ, ʯʪʦ ʧʦʟʚʦʣʠʪ 

ʫʛʣʫʙʠʪʴ ʥʘʰʝ ʧʦʥʠʤʘʥʠʝ ʤʝʭʘʥʠʟʤʘ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʝʛʦ ʟʥʘʯʠʤʦʩʪʠ ʜʣʷ 

ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʭ ʬʫʥʢʮʠʡ ʚ ʢʣʝʪʢʝ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝ ʪʦʣʴʢʦ 

ʚ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʦ ʚʳʷʩʥʝʥʠʶ ʬʫʥʢʮʠʡ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʛʦ ʛʝʥʦʤʘ ʫ 

ʦʨʛʘʥʠʟʤʦʚ ʨʘʟʥʳʭ ʚʠʜʦʚ, ʥʦ ʪʘʢʞʝ ʚ ʨʘʙʦʪʘʭ ʧʦ ʙʠʦʪʝʭʥʦʣʦʛʠʠ (ʢʣʦʥʠʨʦʚʘʥʠʝ ʮʝʣʝʚʳʭ 

ʛʝʥʦʚ ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ) ʠ ʙʠʦʤʝʜʠʮʠʥʝ (ʛʝʥʦʪʝʨʘʧʠʷ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʭ ʙʦʣʝʟʥʝʡ ʠ 

ʙʦʣʝʟʥʝʡ ʧʦʞʠʣʦʛʦ ʚʦʟʨʘʩʪʘ ʯʝʣʦʚʝʢʘ). 

ʄʘʪʝʨʠʘʣʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ 

ʫʯʨʝʞʜʝʥʠʷʭ ʚ ʣʝʢʮʠʦʥʥʳʭ ʢʫʨʩʘʭ ʜʠʩʮʠʧʣʠʥ ʧʦ ʬʠʟʠʦʣʦʛʠʠ ʠ ʙʠʦʭʠʤʠʠ ʨʘʩʪʝʥʠʡ, ʘ ʪʘʢʞʝ 

ʩʧʝʮʠʘʣʠʩʪʘʤʠ-ʙʠʦʣʦʛʘʤʠ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʠʥʩʪʠʪʫʪʦʚ. 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ 

ʄʘʪʝʨʠʘʣʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ III ʄʝʞʜʫʥʘʨʦʜʥʦʡ 

ʂʦʥʬʝʨʝʥʮʠʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ çOpenBioè (ʅʦʚʦʩʠʙʠʨʩʢ, 5-6 ʦʢʪʷʙʨʷ, 2016 ʛʦʜ); 10th 

International Conference for Plant Mitochondrial Biology (ICPMB; Hangzhou, China, May 22 ï 

27, 2017); ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ, ʧʦʩʚʷʱʝʥʥʦʡ 110-ʣʝʪʠʶ ʩʦ ʜʥʷ ʨʦʞʜʝʥʠʷ 

ʘʢʘʜʝʤʠʢʘ ɸʅ ʉʉʉʈ ɼ. ʂ. ɹʝʣʷʝʚʘ çɹʝʣʷʝʚʩʢʠʝ ʯʪʝʥʠʷè (ʅʦʚʦʩʠʙʠʨʩʢ, 7-10 ʘʚʛʫʩʪʘ, 2017 

ʛ.); 2-ʡ ʚʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʄʝʭʘʥʠʟʤʳ ʨʝʛʫʣʷʮʠʠ ʬʫʥʢʮʠʡ ʦʨʛʘʥʝʣʣ 

ʵʫʢʘʨʠʦʪʠʯʝʩʢʦʡ ʢʣʝʪʢʠè (ʀʨʢʫʪʩʢ, 22-24 ʤʘʷ 2018 ʛ.); ɻʦʜʠʯʥʦʤ ʩʦʙʨʘʥʠʠ ʆʌʈ-2018, 

ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʄʝʭʘʥʠʟʤʳ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʘʩʪʝʥʠʡ ʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʢ 

ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʤ ʫʩʣʦʚʠʷʤ ʩʨʝʜʳè (ʀʨʢʫʪʩʢ, 10-15 ʠʶʣʷ, 2018 ʛʦʜ); 11th International 

Conference for Plant Mitochondrial Biology (ICPMB; Ein Gedi, Israel, March 10-15, 2019); 5th 

International Scientific Conference çPlant genetics, genomics, bioinformatics, and biotechnologyè 

(PlantGen2019) (24-29 June 2019 Novosibirsk, Russia); ʄʝʞʜʫʥʘʨʦʜʥʦʤ ʢʦʥʛʨʝʩʩʝ çVII ʩʲʝʟʜ 

ɺʘʚʠʣʦʚʩʢʦʛʦ ʦʙʱʝʩʪʚʘ ʛʝʥʝʪʠʢʦʚ ʠ ʩʝʣʝʢʮʠʦʥʝʨʦʚ, ʧʦʩʚʷʱʝʥʥʳʡ 100-ʣʝʪʠʶ ʢʘʬʝʜʨʳ 

ʛʝʥʝʪʠʢʠ ʉʇʙɻʋ, ʠ ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʝ ʩʠʤʧʦʟʠʫʤʳè (ɺʆɻʠʉ; 18-22 ʠʶʥʷ 2019, ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛ). 

ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ 

1. ʇʨʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʧʨʦʪʦʧʣʘʩʪʦʚ ʘʨʘʙʠʜʦʧʩʠʩʘ ɼʅʂ ʧʦʩʪʫʧʘʝʪ ʠʟ ʮʠʪʦʧʣʘʟʤʳ 
ʚ ʤʠʪʦʭʦʥʜʨʠʠ. ɿʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʤʧʦʨʪʘ ɼʅʂ, ʧʦʢʘʟʘʥʥʳʝ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʚ 

ʩʠʩʪʝʤʝ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʤʠʪʦʭʦʥʜʨʠʡ, ʩʦʭʨʘʥʷʶʪʩʷ in vivo. 
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2. ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʧʫʪʝʡ ʠʤʧʦʨʪʘ ɼʅʂ ʚ ʨʘʩʪʠʪʝʣʴʥʳʝ ʤʠʪʦʭʦʥʜʨʠʠ, 

ʟʘʚʠʩʷʱʠʭ ʦʪ ʜʣʠʥʳ ʪʨʘʥʩʧʦʨʪʠʨʫʝʤʦʡ ʤʦʣʝʢʫʣʳ. 

3. ʆʪʩʫʪʩʪʚʠʝ ʦʜʥʦʡ ʠʟ ʠʟʦʬʦʨʤ VDAC ʚ ʥʦʢʘʫʪ-ʤʫʪʘʥʪʥʳʭ ʣʠʥʠʷʭ ʘʨʘʙʠʜʦʧʩʠʩʘ 

ʧʨʠʚʦʜʠʪ ʢ ʩʪʨʫʢʪʫʨʥʳʤ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʡ 

ʤʝʤʙʨʘʥʳ, ʦʢʘʟʳʚʘʶʱʠʤ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʘʢʪʠʚʥʦʩʪʴ ʠʤʧʦʨʪʘ ɼʅʂ ʚ 

ʤʠʪʦʭʦʥʜʨʠʠ.  

4. ɺʳʷʚʣʷʝʤʳʝ ʧʨʠ ʚʳʜʝʣʝʥʠʠ ʤʠʪʦʭʦʥʜʨʠʡ ʩʫʙʧʦʧʫʣʷʮʠʠ ʵʪʠʭ ʦʨʛʘʥʝʣʣ  

ʦʙʣʘʜʘʶʪ ʩʪʨʫʢʪʫʨʥʦʡ ʨʘʟʥʦʨʦʜʥʦʩʪʴʶ ʠ ʨʘʟʣʠʯʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ 

ʠʤʧʦʨʪʠʨʦʚʘʪʴ ɼʅʂ. 

ʉʆɼɽʈɾɸʅʀɽ ʈɸɹʆʊʓ 

ʆʙʲʝʢʪʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺ ʨʘʙʦʪʝ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʨʘʩʪʝʥʠʷ ʘʨʘʙʠʜʦʧʩʠʩʘ ʜʠʢʦʛʦ ʪʠʧʘ Arabidopsis 

thaliana (L.) Heynh. ʵʢʦʪʠʧ Columbia (Col-0) ʠ ʣʠʥʠʠ ʠʥʩʝʨʮʠʦʥʥʳʭ ʤʫʪʘʥʪʦʚ 

SALK_034653 (vdac1), SAIL_726_H02 (vdac2), SALK_127899 (vdac3), SALK_023908 

(vdac4), SALK_135023 (tspo), SALK_007876 (mic60), SALK_016767 (om47), SALK_066958 

(drp3a-3), SALK_046271 (drp3b-1), ʩʝʤʝʥʘ ʢʦʪʦʨʳʭ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠʟ ʢʦʣʣʝʢʮʠʠ 

Arabidopsis Biological Resource Center (The Ohio State University, USA). ɻʦʤʦʟʠʛʦʪʥʳʝ 

ʨʘʩʪʝʥʠʷ ʠʟʫʯʘʝʤʳʭ ʣʠʥʠʡ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ ʧʦʤʦʱʴʶ ʇʎʈ-ʛʝʥʦʪʠʧʠʨʦʚʘʥʠʷ. ʈʘʩʪʝʥʠʷ 

ʘʨʘʙʠʜʦʧʩʠʩʘ, ʧʦʩʣʝ ʩʪʨʘʪʠʬʠʢʘʮʠʠ ʚ ʪʝʯʝʥʠʝ ʪʨʝʭ ʩʫʪʦʢ ʧʨʠ +4 ÁC, ʚʳʨʘʱʠʚʘʣʠ ʧʨʠ 22 ÁC 

ʚ ʨʦʩʪʦʚʦʡ ʢʘʤʝʨʝ KBW-720 (çBinderè, ɻʝʨʤʘʥʠʷ), ʚ ʛʦʨʰʢʘʭ, ʥʘʧʦʣʥʝʥʥʳʭ ʩʤʝʩʴʶ 

ʧʦʯʚʦʛʨʫʥʪʘ ʜʣʷ ʢʦʤʥʘʪʥʳʭ ʨʘʩʪʝʥʠʡ / ʪʦʨʬʘ / ʚʝʨʤʠʢʫʣʠʪʘ (2 : 1 : 3) ʧʨʠ ʦʩʚʝʱʝʥʥʦʩʪʠ 

150 ʤʢʤʦʣʴ*ʤ-2*ʩ-1 ʠ ʜʣʠʥʝ ʩʚʝʪʦʚʦʛʦ ʜʥʷ 16 ʯ. ʕʪʠʦʣʠʨʦʚʘʥʥʳʝ ʧʨʦʨʦʩʪʢʠ ʢʫʢʫʨʫʟʳ Zea 

mays (ʩʦʨʪ çʂʫʙʘʥʩʢʠʡ 250 ʄɺè) ʚʳʨʘʱʠʚʘʣʠ ʧʨʠ 29 Áʉ ʚ ʪʝʯʝʥʠʝ 4 ʩʫʪʦʢ ʚ ʪʝʤʥʦʪʝ. ɺ 

ʨʘʙʦʪʝ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʪʘʢʞʝ ʢʣʫʙʥʠ ʢʘʨʪʦʬʝʣʷ Solanum tuberosum (ʩʦʨʪ çɸʜʨʝʪʪʘè) ʠ 

ʢʦʨʥʝʧʣʦʜʳ ʨʝʧʳ Brassica rapa (ʩʦʨʪ çɺʥʫʯʢʘè). ʉʝʤʝʥʘ ʢʫʢʫʨʫʟʳ ʧʨʠʦʙʨʝʪʝʥʳ ʚ ʅʇʆ 

çʂʆʉ-ʄɸʀʉè, ʂʨʘʩʥʦʜʘʨ; ʢʘʨʪʦʬʝʣʴ ʚʳʨʘʱʝʥ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʉʀʌʀɹʈ ʉʆ ʈɸʅ, ʀʨʢʫʪʩʢ; 

ʩʝʤʝʥʘ ʨʝʧʳ ʧʨʠʦʙʨʝʪʝʥʳ ʚ ʪʦʨʛʦʚʦʡ ʩʝʪʠ. 

ɻʝʥʝʪʠʯʝʩʢʘʷ ʢʦʥʩʪʨʫʢʮʠʷ pCK/GFP/PRmt (Koulinchenko et al., 2003), ʩʦʜʝʨʞʘʱʘʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʛʝʥʘ GFP, ʩʣʫʞʠʣʘ ʤʘʪʨʠʮʝʡ ʜʣʷ ʘʤʧʣʠʬʠʢʘʮʠʠ ʬʨʘʛʤʝʥʪʦʚ ʨʘʟʤʝʨʦʤ 

269 ʧ.ʥ., 852 ʧ.ʥ. ʠ 2,7 ʪ.ʧ.ʥ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ɼʅʂ-ʩʫʙʩʪʨʘʪʘ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʳ, ʩʦʜʝʨʞʘʱʠʝ ʥʘ 5'-ʢʦʥʮʝ ʬʣʫʦʨʝʩʮʠʨʫʶʱʫʶ ʛʨʫʧʧʫ Cy3 (çɽʚʨʦʛʝʥè, 

ʈʦʩʩʠʷ). ɻʝʥʝʪʠʯʝʩʢʘʷ ʢʦʥʩʪʨʫʢʮʠʷ pIR-11.6/Br-9 (ʧʦʣʫʯʝʥʘ ʩʦʪʨʫʜʥʠʢʘʤʠ ʣʘʙʦʨʘʪʦʨʠʠ 

ʃɻʀʈ ʉʀʌʀɹʈ ʉʆ ʈɸʅ) ʩʣʫʞʠʣʘ ʤʘʪʨʠʮʝʡ ʜʣʷ ʘʤʧʣʠʬʠʢʘʮʠʠ ɼʅʂ ʙʦʣʴʰʦʛʦ ʨʘʟʤʝʨʘ (9 

ʪ.ʧ.ʥ.) 

ʄʠʪʦʭʦʥʜʨʠʠ ʧʦʣʫʯʘʣʠ ʩʦʛʣʘʩʥʦ ʦʧʠʩʘʥʥʳʤ ʨʘʥʝʝ ʧʨʦʪʦʢʦʣʘʤ ʠʟ Arabidopsis 

thaliana (Sweetlove et al., 2007), ʵʪʠʦʣʠʨʦʚʘʥʥʳʭ ʧʨʦʨʦʩʪʢʦʚ Zea mays (Newton and Walbot, 

1985), ʢʣʫʙʥʝʡ Solanum tuberosum ʠ ʢʦʨʥʝʧʣʦʜʦʚ Brassica rapa (Neuburger et al., 1982).  

ʂʦʣʠʯʝʩʪʚʦ ʙʝʣʢʘ ʚ ʩʫʩʧʝʥʟʠʠ ʤʠʪʦʭʦʥʜʨʠʡ ʦʮʝʥʠʚʘʣʠ ʧʦ ʤʝʪʦʜʫ ɹʨʝʜʬʦʨʜ (Bradford, 

1976). ʆʯʠʱʝʥʥʫʶ ʬʨʘʢʮʠʶ ʤʠʪʦʭʦʥʜʨʠʡ ʠʩʩʣʝʜʦʚʘʣʠ ʚ ʪʨʘʥʩʤʠʩʩʠʦʥʥʦʤ ʵʣʝʢʪʨʦʥʥʦʤ 

ʤʠʢʨʦʩʢʦʧʝ Leo 906ɽ (çZeissè, ɻʝʨʤʘʥʠʷ) (Layton et al., 2004). 

ɸʥʘʣʠʟ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʤʠʪʦʭʦʥʜʨʠʡ (100 ʤʢʛ ʙʝʣʢʘ) 

ʧʨʦʚʦʜʠʣʠ ʧʦʣʷʨʦʛʨʘʬʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʣʘʪʠʥʦʚʦʛʦ ʢʠʩʣʦʨʦʜʥʦʛʦ 

ʵʣʝʢʪʨʦʜʘ ʠ ʷʯʝʡʢʠ Oxytherm system (çHansatechè, ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ). ʂʦʵʬʬʠʮʠʝʥʪ 

ʜʳʭʘʪʝʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ ʤʠʪʦʭʦʥʜʨʠʡ ʦʧʨʝʜʝʣʷʣʠ ʩʦʛʣʘʩʥʦ ʦʧʠʩʘʥʥʦʤʫ ʨʘʥʝʝ ʧʨʦʪʦʢʦʣʫ 

(Douce and Neuburger, 1989). ʀʥʪʘʢʪʥʦʩʪʴ ʚʥʝʰʥʝʡ ʤʝʤʙʨʘʥʳ ʤʠʪʦʭʦʥʜʨʠʡ ʨʘʩʩʯʠʪʳʚʘʣʠ, 

ʢʘʢ ʦʧʠʩʘʥʦ ʨʘʥʝʝ (ɻʨʘʙʝʣʴʥʳʭ ʠ ʜʨ., 2014). 

ʀʤʧʦʨʪ ɼʅʂ ʧʨʦʚʦʜʠʣʠ ʚ ʙʫʬʝʨʝ ʠʤʧʦʨʪʘ, ʩʦʜʝʨʞʘʱʝʤ 0,4 ʄ ʩʘʭʘʨʦʟʳ, 40 ʤʄ 

ʬʦʩʬʘʪʘ ʢʘʣʠʷ, ʨʅ 7,0, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 25 Áʉ ʠ ʧʦʩʪʦʷʥʥʦʤ ʧʦʢʘʯʠʚʘʥʠʠ (350 rpm) ʥʘ 

ʪʝʨʤʦʰʝʡʢʝʨʝ ʜʣʷ ʤʠʢʨʦʧʨʦʙʠʨʦʢ ʠ ʇʎʈ ʧʣʘʥʰʝʪʦʚ TS-100 (çBioSanè, ʃʘʪʚʠʷ) ʚ ʪʝʯʝʥʠʠ 

30 ʤʠʥ (Koulinchenko et al., 2003), ʦʙʲʝʤ ʨʝʘʢʮʠʠ ʩʦʩʪʘʚʣʷʣ 100ï200 ʤʢʣ. ʆʙʨʘʙʦʪʢʫ 

ʤʠʪʦʭʦʥʜʨʠʡ ɼʅʂʘʟʦʡ ʧʨʦʚʦʜʠʣʠ ʚ ʙʫʬʝʨʝ ʠʤʧʦʨʪʘ (100 ʤʢʣ) ʚ ʧʨʠʩʫʪʩʪʚʠʠ ɼʅʂʘʟʳ I 

(500 ʤʢʛ/ʤʣ) (çSigmaè, ʉʐɸ) ʠ 10 ʤM MgCl2 ʚ ʪʝʯʝʥʠʝ 20 ʤʠʥ ʧʨʠ 25 Áʉ. ɼʘʣʴʥʝʡʰʫʶ 

ʦʪʤʳʚʢʫ ʧʨʦʚʦʜʠʣʠ ʢʘʢ ʦʧʠʩʘʥʦ ʨʘʥʝʝ (Koulinchenko et al., 2003). ɼʣʷ ʧʦʣʫʯʝʥʠʷ 
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ʤʠʪʦʧʣʘʩʪʦʚ ʚʥʝʰʥʶʶ ʤʝʤʙʨʘʥʫ ʤʠʪʦʭʦʥʜʨʠʡ ʨʘʟʨʫʰʘʣʠ ʩ ʧʦʤʦʱʴʶ ʦʩʤʦʪʠʯʝʩʢʦʛʦ 

ʰʦʢʘ: ʦʩʘʜʦʢ ʤʠʪʦʭʦʥʜʨʠʡ ʨʝʩʫʩʧʝʥʜʠʨʦʚʘʣʠ ʚ 1 ʤʣ 5 ʤM ʬʦʩʬʘʪʘ ʢʘʣʠʷ, pH 7,5, 

ʠʥʢʫʙʠʨʦʚʘʣʠ ʥʘ ʣʴʜʫ 5 ʤʠʥ, ʟʘʪʝʤ ʦʩʘʞʜʘʣʠ ʠ ʧʨʦʤʳʚʘʣʠ ʚ ʙʫʬʝʨʝ, ʩʦʜʝʨʞʘʱʝʤ 0,3 ʄ 

ʩʘʭʘʨʦʟʫ, 10 ʤʄ ʬʦʩʬʘʪ ʢʘʣʠʷ, 1 ʤʄ ʕɼʊɸ, ʨʅ 7,2. ʕʢʩʪʨʘʢʮʠʶ ɼʅʂ ʠʟ ʦʩʘʜʢʘ 

ʤʠʪʦʭʦʥʜʨʠʡ ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʫʬʝʨʘ, ʩʦʜʝʨʞʘʱʝʛʦ 10 ʤM Tris-HCl, 1 ʤM 

ʕɼʊɸ, 1 % (w/v) SDS, pH 7,5, ʠ ʨʘʚʥʦʛʦ ʦʙʲʝʤʘ ʬʝʥʦʣʘ. ʅʫʢʣʝʠʥʦʚʳʝ ʢʠʩʣʦʪʳ, 

ʩʦʜʝʨʞʘʚʰʠʝʩʷ ʧʦʩʣʝ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ ʚ ʚʦʜʥʦʡ ʬʘʟʝ, ʦʩʘʞʜʘʣʠ ʵʪʘʥʦʣʦʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

200 ʤʄ NaCl. ʕʣʶʮʠʶ ɼʅʂ ʠʟ ʛʝʣʷ ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʥʘʙʦʨʘ GeneJET Gel Extraction 

Kit (çThermo Scientificè, ʉʐɸ).  

ʈʅʂ ʵʢʩʪʨʘʛʠʨʦʚʘʣʠ ʠʟ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʧʦʤʦʱʠ TRI-Reagent (çSigma-

Aldrichè) ʩʦʛʣʘʩʥʦ ʧʨʦʪʦʢʦʣʫ ʧʨʦʠʟʚʦʜʠʪʝʣʷ. ɼʣʷ ʫʜʘʣʝʥʠʷ ʚʦʟʤʦʞʥʳʭ ʧʨʠʤʝʩʝʡ ɼʅʂ ʢ 8 

ʤʢʣ ʦʙʨʘʟʮʘ ʈʅʂ ʜʦʙʘʚʣʷʣʠ 1 ʤʢʣ 10-ʪʠ ʢʨʘʪʥʦʛʦ ʙʫʬʝʨʘ ɼʅʂʘʟʳ (çThermo Scientificè, 

ʉʐɸ), 0,5 ʤʢʣ ɼʅʂʘʟʳ (çThermo Scientificè). ʀʥʢʫʙʠʨʦʚʘʣʠ 30 ʤʠʥ ʧʨʠ 37 Áʉ. ɼʣʷ 

ʠʥʘʢʪʠʚʘʮʠʠ ɼʅʂʘʟʳ ʜʦʙʘʚʣʷʣʠ 1 ʤʢʣ EDTA (25 ʤʢʄ) ʠ ʧʨʦʛʨʝʚʘʣʠ 10 ʤʠʥʫʪ ʧʨʠ 65 Áʉ. 

ɿʘʪʝʤ ʜʦʙʘʚʣʷʣʠ 1 ʤʢʣ ʧʨʘʡʤʝʨʦʚ oligo-dT (80 ʨʄ) (çThermo Scientificè) ʠ ʧʨʦʛʨʝʚʘʣʠ 5 

ʤʠʥʫʪ ʧʨʠ 70 Áʉ. ʀʥʢʫʙʠʨʦʚʘʣʠ 5 ʤʠʥ ʥʘ ʣʴʜʫ. ʂ ʩʤʝʩʠ ʜʦʙʘʚʣʷʣʠ 4 ʤʢʣ 5ʭ ʙʫʬʝʨʘ ʦʙʨʘʪʥʦʡ 

ʪʨʘʥʩʢʨʠʧʪʘʟʳ (çThermo Scientificè), 0,5 ʤʢʣ (20 ʝʜ.) ʠʥʛʠʙʠʪʦʨʘ ʈʅʂʘʟ (çThermo 

Scientificè), 2 ʤʢʣ 10 ʤʄ ʩʤʝʩʠ dNTP (çThermo Scientificè). ʀʥʢʫʙʠʨʦʚʘʣʠ 5 ʤʠʥ ʧʨʠ 37 Áʉ. 

ʂ ʩʤʝʩʠ ʜʦʙʘʚʠʣʠ 0,7 ʤʢʣ (140 ʝʜ.) ʦʙʨʘʪʥʦʡ ʪʨʘʥʩʢʨʠʧʪʘʟʳ RevertAid-MuIV (çThermo 

Scientificè). ʀʥʢʫʙʠʨʦʚʘʣʠ 60 ʤʠʥ ʧʨʠ 42 Áʉ. ʀʥʘʢʪʠʚʠʨʦʚʘʣʠ ʬʝʨʤʝʥʪ ʠʥʢʫʙʘʮʠʝʡ ʚ 

ʪʝʯʝʥʠʝ 10 ʤʠʥ ʧʨʠ 70 Áʉ. ʇʎʈ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ (ʇʎʈ-ʈɺ) ʧʨʦʚʦʜʠʣʠ, ʢʘʢ ʦʧʠʩʘʥʦ 

ʚʳʰʝ. ɺ ʢʘʯʝʩʪʚʝ ʨʝʬʝʨʝʥʩʥʦʛʦ ʛʝʥʘ ʠʩʧʦʣʴʟʦʚʘʣʠ YLS8 (At5G08290) (Hong et al., 2010). 

ʇʨʦʪʦʧʣʘʩʪʳ ʧʦʣʫʯʘʣʠ ʠʟ ʣʠʩʪʴʝʚ A. thaliana ʩʦʛʣʘʩʥʦ ʦʧʠʩʘʥʥʦʤʫ ʨʘʥʝʝ ʧʨʦʪʦʢʦʣʫ 

(Wu et al., 2009) ʩ ʤʦʜʠʬʠʢʘʮʠʷʤʠ. ɺʝʨʭʥʠʡ ʩʣʦʡ ʵʧʠʜʝʨʤʠʩʘ ʫʜʘʣʷʣʠ ʩ ʧʦʤʦʱʴʶ ʣʠʧʢʦʡ 

ʣʝʥʪʳ. ʂʫʩʢʠ ʣʠʧʢʦʡ ʣʝʥʪʳ ʩ ʧʨʠʢʣʝʠʚʰʠʤʩʷ ʥʠʞʥʠʤ ʵʧʠʜʝʨʤʠʩʦʤ ʠ ʢʣʝʪʢʘʤʠ ʤʝʟʦʬʠʣʣʘ 

ʧʦʤʝʱʘʣʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʩʨʝʜʳ ʚʳʜʝʣʝʥʠʷ ʧʨʦʪʦʧʣʘʩʪʦʚ (0,4 M ʤʘʥʥʠʪʦʣ, 10 ʤʄ CaCl2, 

20 ʤʄ KCl, 20 ʤʄ MES, pH 5,7, 0,1 % ɹʉɸ), ʩʦʜʝʨʞʘʱʝʡ 1 % ʮʝʣʣʶʣʘʟʫ ʠ 0,25 % 

ʧʝʢʪʦʣʠʘʟʫ (çMP Biomedicalsè, ʉʐɸ) ʠ ʠʥʢʫʙʠʨʦʚʘʣʠ ʧʨʠ ʣʝʛʢʦʤ ʧʦʢʘʯʠʚʘʥʠʠ ʚ ʪʝʯʝʥʠʝ 

2 ʯ. ʂ ʦʪʦʙʨʘʥʥʦʡ ʩʫʩʧʝʥʟʠʠ ʧʨʦʪʦʧʣʘʩʪʦʚ ʜʦʙʘʚʣʷʣʠ 15 ʤʣ ʩʨʝʜʳ ʧʨʦʤʳʚʘʥʠʷ (ʉʇ), 

ʩʦʜʝʨʞʘʱʝʡ 154 ʤʄ NaCl, 125 ʤʄ CaCl2, 5 ʤʄ KCl, 5 ʤʄ ʛʣʶʢʦʟʫ, 2 ʤʄ MES, pH 5,7 ʠ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 3 ʤʠʥ ʧʨʠ 100 g. ʉʫʧʝʨʥʘʪʘʥʪ ʫʜʘʣʷʣʠ, ʦʩʘʜʦʢ ʧʨʦʪʦʧʣʘʩʪʦʚ 

ʨʝʩʫʩʧʝʥʜʠʨʦʚʘʣʠ ʚ 15 ʤʣ ʉʇ ʠ ʧʦʚʪʦʨʷʣʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝ. ʆʩʘʜʦʢ ʨʝʩʫʩʧʝʥʜʠʨʦʚʘʣʠ 

ʚ ʩʨʝʜʝ, ʩʦʜʝʨʞʘʱʝʡ 0,4 M ʤʘʥʥʠʪʦʣ, 15 ʤʄ MgCl2, 4 ʤʄ MES, pH 5,7 ʠʟ ʨʘʩʯʝʪʘ 300 ʤʢʣ 

ʥʘ ʦʜʠʥ ʦʙʨʘʟʝʮ. ʂ ʩʫʩʧʝʥʟʠʠ ʧʨʦʪʦʧʣʘʩʪʦʚ ʜʦʙʘʚʣʷʣʠ ʨʘʩʪʚʦʨ ɼʅʂ-ʩʫʙʩʪʨʘʪʘ (5 ʤʢʛ), 

ʧʦʩʣʝ ʯʝʛʦ ʢ ʧʨʦʙʘʤ ʜʦʙʘʚʣʷʣʠ 300 ʤʢʣ ʨʘʩʪʚʦʨʘ, ʩʦʜʝʨʞʘʱʝʛʦ 20 % (ʚ/ʦ) PEG (MW 2000), 

0,2 M ʤʘʥʥʠʪʦʣ, 100 ʤʄ CaCl2, ʠ ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥ. ɿʘʪʝʤ ʩʫʩʧʝʥʟʠʶ 

ʧʨʦʪʦʧʣʘʩʪʦʚ ʧʦʜʚʝʨʛʘʣʠ ʪʨʝʤ ʮʠʢʣʘʤ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ ʚ 1,5 ʤʣ ʉʇ ʚ ʪʝʯʝʥʠʝ 1 ʤʠʥ ʧʨʠ 

100 g ʠ 20 Áʉ. ʇʨʦʪʦʧʣʘʩʪʳ ʨʝʩʫʩʧʝʥʜʠʨʦʚʘʣʠ ʚ ʉʇ ʠ ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 20 ʯ. 

ʉʫʩʧʝʥʟʠʶ ʧʨʦʪʦʧʣʘʩʪʦʚ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 1 ʤʠʥ ʧʨʠ 100 g. ʂ ʦʩʘʜʢʫ ʜʦʙʘʚʣʷʣʠ 

400 ʤʢʣ ʩʨʝʜʳ ʚʳʜʝʣʝʥʠʷ ʤʠʪʦʭʦʥʜʨʠʡ (ʉɺ) (0,4 ʄ ʩʘʭʘʨʦʟʘ, 50 ʤʄ ʪʨʠʩ-HCl, ʨʅ 7,5, 5 ʤʄ 

MgCl2, 0,2 % ɹʉɸ, 2 ʤʄ DTT), ʩʦʜʝʨʞʘʱʫʶ ɼʅʂʘʟʫ I ʠʟ ʨʘʩʯʝʪʘ 1 ʝʜ. ʘʢʪ. ʬʝʨʤʝʥʪʘ ʥʘ 50 

ʤʢʣ ʉɺ. ʇʨʦʪʦʧʣʘʩʪʳ ʨʘʟʨʫʰʘʣʠ ʩ ʧʦʤʦʱʴʶ ʛʦʤʦʛʝʥʠʟʘʪʦʨʘ ʇʦʪʪʝʨʘ. ʆʙʨʘʟʮʳ ʧʦʜʚʝʨʛʘʣʠ 

ʜʚʫʤ ʮʠʢʣʘʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʥʠʟʢʦ- ʠ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʭ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʡ: ʚ ʪʝʯʝʥʠʝ 

5 ʤʠʥ ʧʨʠ 3000 g ʠ ʚ ʪʝʯʝʥʠʝ 7 ʤʠʥ ʧʨʠ 15000 g. ʆʩʘʜʦʢ ʤʠʪʦʭʦʥʜʨʠʡ ʨʝʩʫʩʧʝʥʜʠʨʦʚʘʣʠ ʚ 

100 ʤʢʣ ʩʨʝʜʳ ʦʙʨʘʙʦʪʢʠ ɼʅʂʘʟʦʡ (0,4 ʄ ʩʘʭʘʨʦʟʘ, 40 ʤʄ ʢʘʣʠʡ-ʬʦʩʬʘʪʥʳʡ ʙʫʬʝʨ, ʨʅ 

7,0), ʩʦʜʝʨʞʘʱʝʡ 0,2 % ɹʉɸ, 10 ʤʄ MgCl2 ʠ ɼʅʂʘʟʫ I ʠʟ ʨʘʩʯʝʪʘ 1 ʝʜ. ʘʢʪ. ʬʝʨʤʝʥʪʘ ʥʘ 50 

ʤʢʣ ʩʨʝʜʳ ʠ ʠʥʢʫʙʠʨʦʚʘʣʠ 20 ʤʠʥ ʧʨʠ 25 Áʉ. ʇʦʩʣʝ ʠʥʢʫʙʘʮʠʠ ʤʠʪʦʭʦʥʜʨʠʠ ʧʦʜʚʝʨʛʘʣʠ 

ʜʚʫʤ ʮʠʢʣʘʤ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ ʚ ʉɺ, ʩʦʜʝʨʞʘʱʝʡ 0,2 % ɹʉɸ, 10 ʤʄ ʕɼʊɸ ʠ 10 ʤʄ 

ʕɻʊɸ ʚ ʪʝʯʝʥʠʝ 7 ʤʠʥ ʧʨʠ 15000 g ʠ 4 Áʉ. 

ɼʣʷ ʘʥʘʣʠʟʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʤʧʦʨʪʘ ʬʣʫʦʨʝʩʮʝʥʪʥʦ ʤʝʯʝʥʦʛʦ ɼʅʂ-ʩʫʙʩʪʨʘʪʘ 

ʧʨʦʙʳ ʧʦʜʚʝʨʛʘʣʠ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʤʫ ʨʘʟʜʝʣʝʥʠʶ ʚ 1 %-ʥʦʤ ʘʛʘʨʦʟʥʦʤ ʛʝʣʝ ʠ 

ʩʢʘʥʠʨʦʚʘʣʠ ʧʨʠ ʧʦʤʦʱʠ EttanÊ DIGE Imager (çGE Healthcareè, ʐʚʝʮʠʷ). 

ʂʦʣʠʯʝʩʪʚʝʥʥʫʶ ʇʎʈ ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʙʦʨʘ SYBR Select Master Mix 
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(çApplied Biosystemsè, ʉʐɸ) ʩʦʛʣʘʩʥʦ ʠʥʩʪʨʫʢʮʠʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷ. ɼʘʥʥʳʝ ʘʥʘʣʠʟʠʨʦʚʘʣʠ 

ʧʨʠ ʧʦʤʦʱʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ CFX Manager (çBio-Radè, ʉʐɸ). 

ɺʩʝ ʧʨʦʮʝʜʫʨʳ ʧʨʦʚʦʜʠʣʠ ʢʘʢ ʤʠʥʠʤʫʤ ʚ ʪʨʝʭ ʥʝʟʘʚʠʩʠʤʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ. 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʨʘʟʣʠʯʠʡ ʦʮʝʥʠʚʘʣʠ ʧʦ ʢʨʠʪʝʨʠʶ ʉʪʴʶʜʝʥʪʘ ʧʨʠ ʫʨʦʚʥʝ ʚʝʨʦʷʪʥʦʩʪʠ P < 

0,05. ɼʣʷ ʦʙʨʘʪʥʦ-ʪʨʘʥʩʢʨʠʧʪʘʟʥʦʡ ʇʎʈ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ 

ʜʘʥʥʳʭ ʠ ʧʦʩʪʨʦʝʥʠʝ ʜʠʘʛʨʘʤʤ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʧʨʦʛʨʘʤʤʦʡ CFX Managerʊʄ Software 

Version 1,6 (çBio-Radè). 

 

ʈɽɿʋʃʔʊɸʊʓ ʀ ʆɹʉʋɾɼɽʅʀɽ 

ɸʥʘʣʠʟ ʠʤʧʦʨʪʘ ɼʅʂ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʣʫʦʨʝʩʮʝʥʪʥʦ ʤʝʯʝʥʳʭ ʩʫʙʩʪʨʘʪʦʚ 

ʈʘʜʠʦʘʢʪʠʚʥʳʡ ʤʝʪʦʜ ʘʥʘʣʠʟʘ, ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʚʰʠʡʩʷ ʚʦ ʚʩʝʭ ʧʨʝʞʥʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʠʤʧʦʨʪʘ ɼʅʂ in organello (Koulinchenko et al., 2003), ʦʙʣʘʜʘʝʪ ʨʷʜʦʤ 

ʥʝʜʦʩʪʘʪʢʦʚ (ʪʘʙʣ. 1), ʧʦʵʪʦʤʫ ʤʳ ʧʦʩʪʘʚʠʣʠ ʟʘʜʘʯʫ ʨʘʟʨʘʙʦʪʘʪʴ ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʤʝʪʦʜ 

ʘʥʘʣʠʟʘ ʠʤʧʦʨʪʘ ʩ ʧʦʤʦʱʴʶ ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʤʝʯʝʥʠʷ ɼʅʂ. ɼʣʷ ʵʪʦʡ ʮʝʣʠ ʤʳ ʧʨʦʚʦʜʠʣʠ 

ʘʤʧʣʠʬʠʢʘʮʠʶ ʬʨʘʛʤʝʥʪʦʚ ɼʅʂ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʘʡʤʝʨʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʥʘ ʩʚʦʠʭ 

ʢʦʥʮʘʭ ʬʣʫʦʨʦʬʦʨʳ (ʨʠʩ. 1, ʘ). ɺʠʟʫʘʣʠʟʘʮʠʷ ʬʨʘʛʤʝʥʪʘ ɼʅʂ ʚ ʩʢʘʥʝʨʝ ʬʣʫʦʨʝʩʮʝʥʮʠʠ 

ʧʦʢʘʟʘʣʘ ʚʳʩʦʢʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ (ʨʠʩ. 1, ʙ). ʂʨʦʤʝ ʪʦʛʦ, ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʧʨʦʙʳ ʥʝ ʪʝʨʷʶʪ ʩʚʦʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʚ ʪʝʯʝʥʠʝ ʤʝʩʷʮʘ: ʢʦʣʠʯʝʩʪʚʦ 

ʜʝʪʝʢʪʠʨʫʝʤʦʡ ɼʅʂ (ʥʝ ʤʝʥʝʝ 0,5 ʥʛ) ʦʩʪʘʚʘʣʦʩʴ ʥʘ ʦʜʥʦʤ ʫʨʦʚʥʝ (ʨʠʩ. 1, ʚ). 

 
ʈʠʩ. 1. ʌʣʫʦʨʝʩʮʝʥʪʥʦ ʤʝʯʝʥʳʝ ʩʫʙʩʪʨʘʪʳ ɼʅʂ ʜʣʷ ʠʤʧʦʨʪʘ ʚ ʤʠʪʦʭʦʥʜʨʠʠ 
 ʘ) ʉʭʝʤʘ ʩʧʦʩʦʙʘ ʚʚʝʜʝʥʠʷ ʬʣʫʦʨʦʬʦʨʘ Cy3 ʚ ʤʦʣʝʢʫʣʳ ɼʅʂ; ʙ) ʠ ʚ) ʚʠʟʫʘʣʠʟʘʮʠʷ ʬʣʫʦʨʝʩʮʝʥʪʥʦ 

ʤʝʯʝʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ɼʅʂ (852 ʧ.ʥ.) ʧʦʩʣʝ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʚ ʘʛʘʨʦʟʥʦʤ ʛʝʣʝ; ʙ) 

ʚʠʟʫʘʣʠʟʘʮʠʷ ɼʅʂ ʧʦʩʣʝ ʦʢʨʘʰʠʚʘʥʠʷ ʙʨʦʤʠʩʪʳʤ ʵʪʠʜʠʝʤ (1-3) ʠ ʚ ʩʢʘʥʝʨʝ ʬʣʫʦʨʝʩʮʝʥʮʠʠ (4-5); ʥʘ ʛʝʣʴ 

ʥʘʥʝʩʝʥʳ 5 ʥʛ (2, 4) ʠ 0,5 ʥʛ (3, 5) ɼʅʂ; (1) - ʤʘʨʢʝʨ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʝʩʘ ɼʅʂ; ʚ) ʘʥʘʣʠʟ ʟʘʚʠʩʠʤʦʩʪʠ ʢʘʯʝʩʪʚʘ 

ʬʣʫʦʨʝʩʮʝʥʪʥʦ ʤʝʯʝʥʳʭ ʧʨʦʙ ɼʅʂ ʦʪ ʚʨʝʤʝʥʠ ʭʨʘʥʝʥʠʷ; (1, 2) ï 4ʭ-, (3, 4) ï 3ʭ-, (5, 6) ï 2ʭ-, (7, 8) ï 1-

ʥʝʜʝʣʴʥʳʝ ʧʨʦʙʳ ɼʅʂ; ʥʘ ʛʝʣʴ ʥʘʥʝʩʝʥʳ 1 ʥʛ (1, 3, 5, 7) ʠ 5 ʥʛ (2, 4, 6, 8) ɼʅʂ ʬʨʘʛʤʝʥʪʘ 852 ʧ.ʥ.  

ʈʘʥʝʝ ʝʜʠʥʩʪʚʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʤʧʦʨʪʘ ɼʅʂ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʣʫʦʨʝʩʮʝʥʪʥʦ 

ʤʝʯʝʥʳʭ ʬʨʘʛʤʝʥʪʦʚ (Jackson et al., 2014) ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʥʘ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʤʠʪʦʭʦʥʜʨʠʷʭ 

ʯʝʣʦʚʝʢʘ. ʀʤʧʦʨʪʠʨʦʚʘʥʥʫʶ ʚ ʤʠʪʦʭʦʥʜʨʠʠ ɼʅʂ ʚʠʟʫʘʣʠʟʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ 

ʢʦʥʬʦʢʘʣʴʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʤʝʯʝʥʘʷ ɼʅʂ ʩʦʭʨʘʥʷʝʪʩʷ ʧʦʩʣʝ 

ʦʙʨʘʙʦʪʢʠ ɼʅʂʘʟʦʡ, ʪ.ʝ. ʥʘʭʦʜʠʪʩʷ ʚ ʤʘʪʨʠʢʩʝ ʦʨʛʘʥʝʣʣʳ. ʆʜʥʘʢʦ ʜʘʥʥʳʡ ʤʝʪʦʜ ʥʝ 

ʚʢʣʶʯʘʣ ʫʜʘʣʝʥʠʷ ʚʥʝʰʥʝʡ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʡ ʤʝʤʙʨʘʥʳ ʠ ʥʝ ʛʘʨʘʥʪʠʨʦʚʘʣ ʠʟʙʘʚʣʝʥʠʷ ʦʪ 

ʘʩʩʦʮʠʠʨʦʚʘʥʥʦʡ ʩ ʥʝʡ ɼʅʂ, ʘ ʪʘʢʞʝ ʥʝ ʧʦʟʚʦʣʠʣ ʨʘʟʣʠʯʠʪʴ ʬʣʫʦʨʝʩʮʝʥʮʠʶ ʧʨʦʥʠʢʰʠʭ ʚ 

ʤʠʪʦʭʦʥʜʨʠʶ ʧʦʣʥʦʨʘʟʤʝʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ɼʅʂ ʠ ʧʨʦʜʫʢʪʦʚ ʠʭ ʜʝʛʨʘʜʘʮʠʠ. 

ʇʦʣʫʯʠʚ ʬʣʫʦʨʝʩʮʝʥʪʥʦ ʤʝʯʝʥʳʝ ʩʫʙʩʪʨʘʪʳ ɼʅʂ ʨʘʟʥʦʡ ʜʣʠʥʳ, ʤʳ ʠʟʫʯʠʣʠ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ ʠʤʧʦʨʪʘ ʚ ʤʠʪʦʭʦʥʜʨʠʠ ʪʨʝʭ ʚʠʜʦʚ ʨʘʩʪʝʥʠʡ (A. thaliana, B. rapa ʠ Z. mays) 

(ʨʠʩ. 2). ɺ ʭʦʜʝ ʜʘʣʴʥʝʡʰʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʠʤʧʦʨʪʫ ɼʅʂ, ʤʳ ʫʙʝʜʠʣʠʩʴ, ʯʪʦ 

ʬʣʫʦʨʝʩʮʝʥʪʥʦ ʤʝʯʝʥʳʝ ʤʦʣʝʢʫʣʳ ʘʢʪʠʚʥʦ ʠʤʧʦʨʪʠʨʫʝʪʩʷ ʚ ʤʠʪʦʭʦʥʜʨʠʠ ʚʩʝʭ 

ʪʝʩʪʠʨʦʚʘʚʰʠʭʩʷ ʨʘʩʪʠʪʝʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ (ʨʠʩ. 2, ʘ-ʚ). ɸʥʘʣʠʟ ʠʤʧʦʨʪʘ ɼʅʂ, 

ʧʨʦʚʝʜʝʥʥʳʡ ʩ ʧʦʤʦʱʴʶ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʇʎʈ, ʧʦʢʘʟʘʣ, ʯʪʦ ʥʘʣʠʯʠʝ ʥʘ ʢʦʥʮʘʭ ʤʦʣʝʢʫʣ 

ʬʣʫʦʨʦʬʦʨʦʚ ʥʝ ʧʨʝʧʷʪʩʪʚʫʝʪ ʪʨʘʥʩʣʦʢʘʮʠʠ ʤʦʣʝʢʫʣ ɼʅʂ ʚ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʡ ʤʘʪʨʠʢʩ 

(ʨʠʩ. 2, ʛ). 
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ʈʠʩ. 2. ʀʤʧʦʨʪ ʤʝʯʝʥʦʡ (Cy3) ɼʅʂ ʚ ʨʘʩʪʠʪʝʣʴʥʳʝ ʤʠʪʦʭʦʥʜʨʠʠ 
ʄʠʪʦʭʦʥʜʨʠʠ B. rapa (ʘ) ʠ Z. mays (ʙ), ʠʟʦʙʨʘʞʝʥʠʷ ʧʦʣʫʯʝʥʳ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ 

(ʤʘʩʰʪʘʙ 500 ʥʤ). ʚ ï ʌʣʫʦʨʝʩʮʝʥʪʥʦ ʤʝʯʝʥʘʷ ɼʅʂ (0,5 ʤʢʛ) ʨʘʟʤʝʨʦʤ 852 ʧ.ʥ. ʠ 2,7 ʪ.ʧ.ʥ. ʙʳʣʘ 

ʠʤʧʦʨʪʠʨʦʚʘʥʘ ʚ ʠʟʦʣʠʨʦʚʘʥʥʳʝ ʤʠʪʦʭʦʥʜʨʠʠ Z. mays, B. rapa ʠ A. thaliana. ʇʦʩʣʝ ʠʥʢʫʙʘʮʠʠ ʩ 

ʤʠʪʦʭʦʥʜʨʠʷʤʠ, ʤʪɼʅʂ ʙʳʣʘ ʵʢʩʪʨʘʛʠʨʦʚʘʥʘ ʠ ʨʘʟʜʝʣʝʥʘ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʠ ʚ ʘʛʘʨʦʟʥʦʤ ʛʝʣʝ. ɼʦʨʦʞʢʠ: 1 

ï ʬʣʫʦʨʝʩʮʝʥʪʥʦ ʤʝʯʝʥʳʡ ɼʅʂ-ʩʫʙʩʪʨʘʪ ʜʦ ʠʤʧʦʨʪʘ, 3 ʥʛ; 2 ï ʵʢʩʪʨʘʛʠʨʦʚʘʥʥʳʡ ʧʦʩʣʝ ʠʤʧʦʨʪʘ ʚ 

ʤʠʪʦʭʦʥʜʨʠʠ. ʛ ï ɺʣʠʷʥʠʝ ʥʘʣʠʯʠʷ Cy3 ʥʘ 5'ʢʦʥʮʘʭ ʬʨʘʛʤʝʥʪʘ ɼʅʂ ʨʘʟʤʝʨʦʤ 852 ʧ.ʥ. ʥʘ ʝʛʦ ʠʤʧʦʨʪ ʚ 

ʤʠʪʦʭʦʥʜʨʠʠ. ʇʦʢʘʟʘʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʬʨʘʛʤʝʥʪʘ ʛʝʥʘ GFP (ʩʦʜʝʨʞʘʱʝʛʦʩʷ ʚ ʠʤʧʦʨʪʠʨʦʚʘʥʥʦʡ 

ɼʅʂ), ʥʦʨʤʠʨʦʚʘʥʥʦʝ ʢ ʩʦʜʝʨʞʘʥʠʶ ʬʨʘʛʤʝʥʪʘ ʛʝʥʘ NAD4. ʅʘ ʜʠʘʛʨʘʤʤʝ (ʛ) ʫʨʦʚʝʥʴ ʠʤʧʦʨʪʘ 852 ʧ.ʥ. ʧʨʠʥʷʪ 

ʟʘ ʫʩʣʦʚʥʫʶ ʝʜʠʥʠʮʫ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʥʝ ʤʝʥʝʝ ʪʨʝʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʦʚʪʦʨʥʦʩʪʝʡ. ɼʦʧʫʩʢʠ ʥʘ 

ʜʠʘʛʨʘʤʤʝ ʦʙʦʟʥʘʯʘʶʪ ʩʪʘʥʜʘʨʪʥʳʝ ʦʪʢʣʦʥʝʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʛʦ ʠʤʧʦʨʪʘ ɼʅʂ ʤʦʞʥʦ 

ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʷʪʴ ʩʫʙʩʪʨʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʤʝʯʝʥʠʷ. ʊʝʤ ʥʝ 

ʤʝʥʝʝ, ʵʪʦʪ ʤʝʪʦʜ ʥʝ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʫʶ ʦʮʝʥʢʫ ʠʤʧʦʨʪʠʨʦʚʘʥʥʦʡ ɼʅʂ. 

ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʚ ʢʘʯʝʩʪʚʝ ʝʱʝ ʦʜʥʦʛʦ ʤʝʪʦʜʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʜʣʷ ʘʥʘʣʠʟʘ ʠʤʧʦʨʪʘ ɼʅʂ 

ʚ ʤʠʪʦʭʦʥʜʨʠʠ ʥʘʤʠ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ ʇʎʈ-ʘʥʘʣʠʟʘ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ 

(ʇʎʈ-ʈɺ), ʢʦʪʦʨʳʡ ʚʦʩʧʦʣʥʷʣ ʥʝʜʦʩʪʘʪʢʠ ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʤʝʪʦʜʘ (ʪʘʙʣ. 1). 

ʊʘʙʣʠʮʘ 1 

ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʧʨʝʠʤʫʱʝʩʪʚ ʠ ʥʝʜʦʩʪʘʪʢʦʚ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ ʠʤʧʦʨʪʘ ɼʅʂ 

 

ʂʨʠʪʝʨʠʡ ʚʳʙʦʨʘ ʤʝʪʦʜʘ 

ʄʝʪʦʜ ʘʥʘʣʠʟʘ ʠʤʧʦʨʪʘ 

ʈʘʜʠʦʘʢʪʠʚʥʳʡ 

ʤʝʪʦʜ ʘʥʘʣʠʟʘ 

ʌʣʫʦʨʝʩʮʝʥʪʥʳʡ 

ʤʝʪʦʜ ʘʥʘʣʠʟʘ 

ʇʎʈ-ʈɺ 

ɼʝʪʝʢʮʠʷ ʧʦʣʥʦʨʘʟʤʝʨʥʦʛʦ ʬʨʘʛʤʝʥʪʘ + + ï 

ʂʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʠʤʧʦʨʪʘ 

ï ï + 

ɺʦʟʤʦʞʥʦʩʪʴ ʜʣʠʪʝʣʴʥʦʛʦ ʭʨʘʥʝʥʠʷ ɼʅʂ-

ʩʫʙʩʪʨʘʪʘ ʙʝʟ ʧʦʪʝʨʠ ʢʘʯʝʩʪʚʘ  

ï + + 

ʋʜʦʙʩʪʚʦ ʠ ʙʳʩʪʨʦʪʘ ʤʝʪʦʜʘ ï + + 

ɹʝʟʦʧʘʩʥʦʩʪʴ ʜʣʷ ʟʜʦʨʦʚʴʷ ï + + 

ʇʨʠʤʝʥʝʥʠʝ ʚ ʩʠʩʪʝʤʝ in organello + + + 

ʇʨʠʤʝʥʝʥʠʝ ʚ ʩʠʩʪʝʤʝ in vivo ï ï + 

 

ʇʦʩʪʘʥʦʚʢʘ ʤʝʪʦʜʘ ʠʟʫʯʝʥʠʷ ʠʤʧʦʨʪʘ ɼʅʂ ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ ʧʨʦʪʦʧʣʘʩʪʦʚ 

ʘʨʘʙʠʜʦʧʩʠʩʘ in vivo 

ʈʘʥʝʝ ʧʨʠʨʦʜʥʫʶ ʢʦʤʧʝʪʝʥʪʥʦʩʪʴ ʤʠʪʦʭʦʥʜʨʠʡ ʢ ʧʦʛʣʦʱʝʥʠʶ ɼʅʂ, ʢʘʢ ʞʠʚʦʪʥʳʭ, 

ʪʘʢ ʠ ʨʘʩʪʝʥʠʡ, ʥʝ ʠʩʩʣʝʜʦʚʘʣʠ in vivo. ʇʨʠ ʵʪʦʤ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʤʥʦʛʠʭ ʣʝʪ ʥʝ ʧʨʝʢʨʘʱʘʣʩʷ 

ʧʦʠʩʢ ʤʝʪʦʜʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʛʦ 

ʛʝʥʦʤʘ ʤʣʝʢʦʧʠʪʘʶʱʠʭ (Remacle et al., 2012; Niazi et al., 2013). ʆʪʩʫʪʩʪʚʫʶʪ ʪʘʢʞʝ 

ʩʦʦʙʱʝʥʠʷ ʠ ʦʙ ʫʩʧʝʰʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʤʠʪʦʭʦʥʜʨʠʡ ʚʳʩʰʠʭ ʨʘʩʪʝʥʠʡ (Verechshagina 

et al., 2018; Remacle et al., 2012). ɼʦ ʥʘʩʪʦʷʱʝʛʦ ʤʦʤʝʥʪʘ ʦʩʪʘʝʪʩʷ ʥʝʷʩʥʳʤ, ʧʨʦʠʩʭʦʜʠʪ ʣʠ 
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ʠʤʧʦʨʪ ʥʘ ʫʨʦʚʥʝ ʮʝʣʳʭ ʢʣʝʪʦʢ, ʠ ʩʦʭʨʘʥʷʶʪʩʷ ʣʠ in vivo ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ, 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʥʳʝ in organello. 

ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʥʘʤʠ ʚʧʝʨʚʳʝ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʠʟʫʯʝʥʠʷ ʠʤʧʦʨʪʘ ʚ 

ʩʠʩʪʝʤʝ in vivo. ʉʣʝʜʫʝʪ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʵʪʦ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʠʤʧʦʨʪ ɼʅʂ ʚ 

ʤʠʪʦʭʦʥʜʨʠʠ ʧʨʦʪʦʧʣʘʩʪʦʚ ʨʘʩʪʠʪʝʣʴʥʳʭ ʢʣʝʪʦʢ. ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʚʢʣʶʯʘʝʪ: (1) ʧʦʣʫʯʝʥʠʝ 

ʧʨʦʪʦʧʣʘʩʪʦʚ; (2) ʪʨʘʥʩʬʦʨʤʘʮʠʶ ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʝʧʘʨʘʪʘ ʧʨʦʪʦʧʣʘʩʪʦʚ ʤʦʣʝʢʫʣʘʤʠ ɼʅʂ; 

(3) ʠʥʢʫʙʘʮʠʶ ʧʨʦʪʦʧʣʘʩʪʦʚ ʚ ʪʝʯʝʥʠʝ 20 ʯʘʩʦʚ; (4) ʚr ʜʝʣʝʥʠʝ ʤʠʪʦʭʦʥʜʨʠʡ ʠʟ 

ʧʨʦʪʦʧʣʘʩʪʦʚ; (5) ʦʙʨʘʙʦʪʢʫ ɼʅʂʘʟʦʡ; (6) ʢɻʩʪʨʘʢʮʠʶ ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ; (7) ʘʥʘʣʠʟ 

ʠʤʧʦʨʪʘ ɼʅʂ. 

ʇʨʠ ʧʦʩʪʘʥʦʚʢʝ ʠʤʧʦʨʪʘ ɼʅʂ ʚ ʤʠʪʦʭʦʥʜʨʠʠ ʧʨʦʪʦʧʣʘʩʪʦʚ ʘʨʘʙʠʜʦʧʩʠʩʘ, ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʦʪʦʧʣʘʩʪʳ ʩʦʭʨʘʥʷʶʪ ʩʪʨʫʢʪʫʨʥʫʶ ʮʝʣʦʩʪʥʦʩʪʴ ʧʦʩʣʝ ʠʥʢʫʙʘʮʠʠ ʚ ʪʝʯʝʥʠʝ 

20 ʯʘʩʦʚ (ʨʠʩ. 3, ʘ), ʧʨʝʧʘʨʘʪ ʤʠʪʦʭʦʥʜʨʠʡ, ʧʦʣʫʯʝʥʥʳʡ ʠʟ ʧʨʦʪʦʧʣʘʩʪʦʚ ʘʨʘʙʠʜʦʧʩʠʩʘ, 

ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʦʯʠʩʪʢʠ ʦʪ ʭʣɼʅʂ ʠ ʷɼʅʂ (ʨʠʩ. 3, ʙ ʠ ʚ). ʀʤʧʦʨʪ ɼʅʂ, 

ʧʨʦʚʦʜʠʤʳʡ ʚ ʩʠʩʪʝʤʝ in vivo, ʦʙʣʘʜʘʝʪ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʠʤʧʦʨʪʦʤ ɼʅʂ ʚ ʠʟʦʣʠʨʦʚʘʥʥʳʝ ʦʨʛʘʥʝʣʣʳ (in organello) (ʨʠʩ. 3, ʛ). 

 
ʈʠʩ. 3. ʀʤʧʦʨʪ ɼʅʂ ʚ ʤʠʪʦʭʦʥʜʨʠʠ ʧʨʦʪʦʧʣʘʩʪʦʚ ʘʨʘʙʠʜʦʧʩʠʩʘ 
ʘ) ɺʥʝʰʥʠʡ ʦʙʣʠʢ ʧʨʦʪʦʧʣʘʩʪʦʚ ʘʨʘʙʠʜʦʧʩʠʩʘ ʧʦʩʣʝ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʬʨʘʛʤʝʥʪʦʤ ɼʅʂ ʠ ʠʥʢʫʙʘʮʠʠ 

ʚ ʪʝʯʝʥʠʝ 20 ʯ; ʙ) ʘʥʘʣʠʟ ʩʪʝʧʝʥʠ ʦʯʠʩʪʢʠ ʤʠʪʦʭʦʥʜʨʠʡ, ʚʳʜʝʣʝʥʥʳʭ ʠʟ ʧʨʦʪʦʧʣʘʩʪʦʚ, ʦʪ ʭʣʦʨʦʧʣʘʩʪʥʦʛʦ 

ʟʘʛʨʷʟʥʝʥʠʷ; ʚ) ʘʥʘʣʠʟ ʩʪʝʧʝʥʠ ʦʯʠʩʪʢʠ ʤʠʪʦʭʦʥʜʨʠʡ, ʚʳʜʝʣʝʥʥʳʭ ʠʟ ʧʨʦʪʦʧʣʘʩʪʦʚ, ʦʪ ʟʘʛʨʷʟʥʝʥʠʷ ʷʜʝʨʥʦʡ 

ɼʅʂ. ʇʦʢʘʟʘʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʬʨʘʛʤʝʥʪʦʚ ʛʝʥʦʚ RBCL (ʭʣɼʅʂ) ʠ YLS8 (ʷʜɼʅʂ), ʥʦʨʤʠʨʦʚʘʥʥʦʝ 

ʢ ʩʦʜʝʨʞʘʥʠʶ ʬʨʘʛʤʝʥʪʘ ʛʝʥʘ NAD4 (ʤʪɼʅʂ), ʚʳʷʚʣʝʥʥʦʝ ʧʨʠ ʘʥʘʣʠʟʝ ʧʨʦʙ ɼʅʂ, ʚʳʜʝʣʝʥʥʦʡ ʠʟ ʪʦʪʘʣʴʥʦʛʦ 

ʵʢʩʪʨʘʢʪʘ ʧʨʦʪʦʧʣʘʩʪʦʚ ʠ ʠʟ ʧʨʝʧʘʨʘʪʘ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʤʠʪʦʭʦʥʜʨʠʡ; ʛ) ʘʥʘʣʠʟ ʠʤʧʦʨʪʘ ɼʅʂ ʚ 

ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʦʨʛʘʥʝʣʣʘʭ (in organello) ʠ ʚ ʧʨʦʪʦʧʣʘʩʪʘʭ (in vivo) ʘʨʘʙʠʜʦʧʩʠʩʘ. ʅʘ ʜʠʘʛʨʘʤʤʘʭ ʢʦʣʠʯʝʩʪʚʦ 

ʤʪɼʅʂ (ʙ, ʚ) ʠ ʫʨʦʚʝʥʴ ʠʤʧʦʨʪʘ in organello (ʛ) ʧʨʠʥʷʪʳ ʟʘ ʫʩʣʦʚʥʫʶ ʝʜʠʥʠʮʫ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʥʝ 

ʤʝʥʝʝ ʪʨʝʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʦʚʪʦʨʥʦʩʪʝʡ. ɼʦʧʫʩʢʠ ʥʘ ʜʠʘʛʨʘʤʤʝ ʦʙʦʟʥʘʯʘʶʪ ʩʪʘʥʜʘʨʪʥʳʝ ʦʪʢʣʦʥʝʥʠʷ. 

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʨʘʙʦʪʢʠ ʪʨʠʪʦʥʦʤ X-100 ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʝʪʝʢʪʠʨʫʝʤʳʡ 

ʬʨʘʛʤʝʥʪ ʣʦʢʘʣʠʟʦʚʘʥ ʚ ʤʘʪʨʠʢʩʝ ʤʠʪʦʭʦʥʜʨʠʡ, ʘ ʥʝ ʘʩʩʦʮʠʠʨʦʚʘʥ ʩ ʚʥʝʰʥʝʡ ʤʝʤʙʨʘʥʦʡ 

(ʨʠʩ. 4, ʘ). ʇʨʦʚʝʜʝʥʠʝ ʠʤʧʦʨʪʘ ɼʅʂ ʨʘʟʥʦʡ ʜʣʠʥʳ in vivo  ʧʦʢʘʟʘʣʦ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʠʤʧʦʨʪʘ ɼʅʂ ʩʥʠʞʘʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʣʠʥʳ ʠʤʧʦʨʪʠʨʫʝʤʦʛʦ ʬʨʘʛʤʝʥʪʘ (ʨʠʩ. 4, ʙ). 
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ʈʠʩ. 4. ʄʠʪʦʭʦʥʜʨʠʘʣʴʥʳʡ ʠʤʧʦʨʪ ɼʅʂ in vivo, ʜʝʪʝʢʪʠʨʫʝʤʳʡ (ʘ) ʚ ʫʩʣʦʚʠʷʭ 

ʦʙʨʘʙʦʪʢʠ ʤʠʪʦʭʦʥʜʨʠʡ, ʚʳʜʝʣʝʥʥʳʭ ʠʟ ʧʨʦʪʦʧʣʘʩʪʦʚ, ʜʝʪʝʨʛʝʥʪʦʤ ʊʨʠʪʦʥ ʍ-100, ʠ (ʙ) ʚ 

ʧʨʦʪʦʧʣʘʩʪʘʭ ʘʨʘʙʠʜʦʧʩʠʩʘ c ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ɼʅʂ ʨʘʟʣʠʯʥʦʛʦ ʨʘʟʤʝʨʘ 
ʇʦʢʘʟʘʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʬʨʘʛʤʝʥʪʘ ʛʝʥʘ GFP (ʩʦʜʝʨʞʘʱʝʛʦʩʷ ʚ ʠʤʧʦʨʪʠʨʦʚʘʥʥʦʡ ɼʅʂ), 

ʥʦʨʤʠʨʦʚʘʥʥʦʝ ʢ ʩʦʜʝʨʞʘʥʠʶ ʬʨʘʛʤʝʥʪʘ ʛʝʥʘ NAD4. ʅʘ ʜʠʘʛʨʘʤʤʘʭ ʢʦʥʪʨʦʣʴ (ʘ) ʠ ʫʨʦʚʝʥʴ ʠʤʧʦʨʪʘ 2,7 ʪ.ʧ.ʥ. 

(ʙ) ʧʨʠʥʷʪʳ ʟʘ ʫʩʣʦʚʥʫʶ ʝʜʠʥʠʮʫ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʥʝ ʤʝʥʝʝ ʪʨʝʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʦʚʪʦʨʥʦʩʪʝʡ. 

ɼʦʧʫʩʢʠ ʥʘ ʜʠʘʛʨʘʤʤʝ ʦʙʦʟʥʘʯʘʶʪ ʩʪʘʥʜʘʨʪʥʳʝ ʦʪʢʣʦʥʝʥʠʷ. 

ʉʭʦʞʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʙʳʣʘ ʦʪʤʝʯʝʥʘ ʨʘʥʝʝ ʜʣʷ ʠʤʧʦʨʪʘ ʬʨʘʛʤʝʥʪʦʚ ɼʅʂ ʨʘʟʥʦʛʦ 

ʨʘʟʤʝʨʘ ʚ ʠʟʦʣʠʨʦʚʘʥʥʳʝ ʤʠʪʦʭʦʥʜʨʠʠ (Koulintchenko et al., 2003), ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʚ 

ʧʦʣʴʟʫ ʪʦʛʦ, ʯʪʦ ʦʙʥʘʨʫʞʝʥʥʳʝ ʥʘʤʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʤʧʦʨʪʘ ɼʅʂ in organello ʦʪʨʘʞʘʶʪ 

ʧʨʦʮʝʩʩʳ, ʧʨʦʪʝʢʘʶʱʠʝ in vivo. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʤʠ ʚʧʝʨʚʳʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ɼʅʂ, 

ʥʘʭʦʜʷʱʘʷʩʷ ʚ ʮʠʪʦʧʣʘʟʤʝ ʮʝʣʦʡ ʨʘʩʪʠʪʝʣʴʥʦʡ ʢʣʝʪʢʠ, ʘʢʪʠʚʥʦ ʧʦʩʪʫʧʘʝʪ ʚ ʤʠʪʦʭʦʥʜʨʠʠ. 

ɺ ʮʝʣʦʤ, ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʜʝʣʘʥʥʦʡ ʨʘʙʦʪʳ, ʥʘʤʠ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʢʦʤʧʣʝʢʩʥʳʡ 

ʧʦʜʭʦʜ ʜʣʷ ʠʟʫʯʝʥʠʷ ʠʤʧʦʨʪʘ ɼʅʂ ʚ ʨʘʩʪʠʪʝʣʴʥʳʝ ʤʠʪʦʭʦʥʜʨʠʠ, ʚʢʣʶʯʘʶʱʠʡ ʘʥʘʣʠʟ ʚ 

ʩʠʩʪʝʤʘʭ in organello ʠ in vivo (ʨʠʩ. 5) (Tarasenko et al., 2019).  

 

 
 

ʈʠʩ. 5. ʉʭʝʤʘ, ʠʣʣʶʩʪʨʠʨʫʶʱʘʷ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʠʩʪʝʤ in organello ʠ in vivo, ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʤʧʦʨʪʘ ɼʅʂ ʚ ʨʘʩʪʠʪʝʣʴʥʳʝ 

ʤʠʪʦʭʦʥʜʨʠʠ 

ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʠʪ ʚ ʜʘʣʴʥʝʡʰʝʤ ʚʳʷʚʠʪʴ, ʩʦʭʨʘʥʷʶʪʩʷ ʣʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ 

ʠʤʧʦʨʪʘ ɼʅʂ, ʧʦʢʘʟʘʥʥʳʝ ʨʘʥʝʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʤʠʪʦʭʦʥʜʨʠʡ, ʪʘʢʠʝ ʢʘʢ: 

ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʨʘʟʤʝʨʘ ʠ ʩʪʨʫʢʪʫʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʤʦʣʝʢʫʣʳ ɼʅʂ, ʚʣʠʷʥʠʝ ʥʘ 
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ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʤʧʦʨʪʘ ʠʥʘʢʪʠʚʘʮʠʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʙʝʣʢʦʚ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʡ ʤʝʤʙʨʘʥʳ - 

ʥʘ ʫʨʦʚʥʝ ʮʝʣʦʡ ʨʘʩʪʠʪʝʣʴʥʦʡ ʢʣʝʪʢʠ. ʇʦʤʠʤʦ ʠʟʫʯʝʥʠʷ ʤʝʭʘʥʠʟʤʦʚ ʧʝʨʝʥʦʩʘ ɼʅʂ 

ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʥʘʤʠ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʜʘʣʴʥʝʡʰʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʦ ʧʦʠʩʢʫ ʩʠʩʪʝʤʳ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʛʦ ʛʝʥʦʤʘ ʨʘʩʪʝʥʠʡ. 

 

ʀʟʫʯʝʥʠʝ ʢʠʥʝʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʤʧʦʨʪʘ ɼʅʂ ʢʦʨʦʪʢʦʡ ʠ ʩʨʝʜʥʝʡ 

ʜʣʠʥʳ ʚ ʨʘʩʪʠʪʝʣʴʥʳʝ ʤʠʪʦʭʦʥʜʨʠʠ 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʩʫʙʩʪʨʘʪʘ ï ʦʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʬʘʢʪʦʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ 

ʩʢʦʨʦʩʪʴ ʬʝʨʤʝʥʪʘʪʠʚʥʳʭ ʨʝʘʢʮʠʡ. ʋ ʦʜʥʠʭ ʬʝʨʤʝʥʪʦʚ ʢʨʠʚʘʷ ʠʤʝʝʪ ʛʠʧʝʨʙʦʣʠʯʝʩʢʫʶ 

ʬʦʨʤʫ, ʫ ʜʨʫʛʠʭ - ʩʠʛʤʦʠʜʥʫʶ (ʨʠʩ. 6). 

ʈʘʥʝʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʨʘʙʦʪʘ ʧʝʨʝʥʦʩʯʠʢʘ ʘʜʝʥʠʥʥʫʢʣʝʦʪʠʜʦʚ (ɸʅʊ) 

ʦʧʠʩʳʚʘʝʪʩʷ ʚ ʨʘʤʢʘʭ ʢʠʥʝʪʠʢʠ ʨʘʙʦʪʳ ʬʝʨʤʝʥʪʘ, ʠʤʝʶʱʝʛʦ ʦʜʠʥ ʩʫʙʩʪʨʘʪ, ʠ 

ʠʣʣʶʩʪʠʨʫʝʪʩʷ ʩʠʛʤʦʠʜʥʦʡ ʢʨʠʚʦʡ (ʨʠʩ. 6). ɺ ʩʣʫʯʘʝ ɸʅʊ ʨʝʟʫʣʴʪʘʪʦʤ ʩʫʙʩʪʨʘʪ-ʙʝʣʢʦʚʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʷʚʣʷʝʪʩʷ ʥʝ ʧʨʦʜʫʢʪ  ʨʝʘʢʮʠʠ, ʘ ʧʝʨʝʤʝʱʝʥʠʝ ʚ ʤʘʪʨʠʢʩ ʤʠʪʦʭʦʥʜʨʠʡ 

(Scherer et al., 1973; Schultheiss et al., 1984). 

ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʤʳ ʧʨʝʜʧʦʣʦʞʠʣʠ, ʯʪʦ ʙʝʣʢʠ (ɸʅʊ ʠ, ʚʝʨʦʷʪʥʦ, ʜʨʫʛʠʝ), 

ʬʦʨʤʠʨʫʶʱʠʝ ʤʝʤʙʨʘʥʥʫʶ ʧʦʨʫ ʜʣʷ ʪʨʘʥʩʧʦʨʪʘ ɼʅʂ, ʠʤʝʶʪ ʩʘʡʪʳ ʩ ʨʘʟʥʳʤ ʩʨʦʜʩʪʚʦʤ 

ʥʝ ʪʦʣʴʢʦ ʢ ʘʜʝʥʥʠʥʫʢʣʝʦʪʠʜʘʤ, ʢʘʢ ʵʪʦ ʨʘʥʝʝ ʧʦʢʘʟʘʥʦ, ʥʦ ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʢ ɼʅʂ. 

 
ʈʠʩ. 6. ʊʠʧʠʯʥʘʷ ʢʨʠʚʘʷ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʩʢʦʨʦʩʪʴʶ ʨʝʘʢʮʠʠ ʠ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 

ʩʫʙʩʪʨʘʪʘ, ʠʤʝʶʱʘʷ ʩʠʛʤʦʠʜʥʫʶ ʬʦʨʤʫ 

ʄʳ ʧʨʝʜʧʦʣʘʛʘʝʤ, ʯʪʦ ʭʘʨʘʢʪʝʨ ʧʦʛʣʦʱʝʥʠʷ ɼʅʂ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʙʫʜʝʪ ʨʘʟʣʠʯʥʳʤ ʚ ʩʣʫʯʘʝ ʫʯʘʩʪʠʷ ʦʜʥʦʛʦ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʤʝʤʙʨʘʥʥʳʭ ʢʘʥʘʣʦʚ (ʨʠʩ. 7). 

ʆʪʩʫʪʩʪʚʠʝ ʥʘʩʳʱʝʥʠʷ ʧʨʦʮʝʩʩʘ ʠʤʧʦʨʪʘ ʙʫʜʝʪ ʛʦʚʦʨʠʪʴ ʦʙ ʦʪʩʫʪʩʪʚʠʠ ʩʧʝʮʠʬʠʯʝʩʢʦʛʦ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʫʪʠ. ʇʨʠ ʫʩʣʦʚʠʠ, ʝʩʣʠ ʠʤʧʦʨʪ ɼʅʂ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʪʦʣʴʢʦ ʦʜʥʠʤ 

ʩʧʝʮʠʬʠʯʥʳʤ ʧʫʪʝʤ, ʢʨʠʚʘʷ ʙʫʜʝʪ ʚʳʭʦʜʠʪʴ ʥʘ ʧʣʘʪʦ, ʫʢʘʟʳʚʘʷ ʥʘ ʥʘʩʳʱʝʥʠʝ ʧʨʦʮʝʩʩʘ. ɺ 

ʩʣʫʯʘʝ ʩʣʦʞʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʤʝʭʘʥʠʟʤʘ ʠʤʧʦʨʪʘ ɼʅʂ ʚ ʤʠʪʦʭʦʥʜʨʠʠ, ʧʨʦʠʩʭʦʜʷʱʝʛʦ ʧʨʠ 

ʫʯʘʩʪʠʠ ʥʝʩʢʦʣʴʢʠʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʫʪʝʡ, ʙʫʜʝʪ ʥʘʙʣʶʜʘʪʴʩʷ ʩʪʫʧʝʥʯʘʪʦʝ ʥʘʩʳʱʝʥʠʝ 

ʧʨʦʮʝʩʩʘ. 

 

 
ʈʠʩ. 7. ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʪʠʧʦʚ ʢʠʥʝʪʠʢʠ ʠʤʧʦʨʪʘ ɼʅʂ ʚ ʤʠʪʦʭʦʥʜʨʠʠ 

(ʟʘʚʠʩʠʤʦʩʪʴ ʘʢʪʠʚʥʦʩʪʠ ʠʤʧʦʨʪʘ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ɼʅʂ) 
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 ʘ) ʆʪʩʫʪʩʪʚʠʝ ʥʘʩʳʱʝʥʠʷ ʧʨʦʮʝʩʩʘ, ʠʤʧʦʨʪ ɼʅʂ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʩʧʝʮʠʬʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʫʪʠ; 
ʙ) ʥʘʩʳʱʝʥʠʝ ʧʨʦʮʝʩʩʘ, ʠʤʧʦʨʪ ɼʅʂ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʜʥʠʤ ʩʧʝʮʠʬʠʯʥʳʤ ʧʫʪʝʤ; ʚ) ʩʪʫʧʝʥʯʘʪʦʝ ʥʘʩʳʱʝʥʠʝ 

ʧʨʦʮʝʩʩʘ, ʠʤʧʦʨʪ ɼʅʂ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʫʯʘʩʪʠʠ ʥʝʩʢʦʣʴʢʠʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʫʪʝʡ. 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʠʟʫʯʝʥʠʶ ʢʠʥʝʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠʤʧʦʨʪʘ ɼʅʂ ʧʨʦʚʦʜʠʣʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʤʠʪʦʭʦʥʜʨʠʡ ʢʘʨʪʦʬʝʣʷ (ʨʠʩ. 8). ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʣʷ 

ʠʤʧʦʨʪʘ ʬʨʘʛʤʝʥʪʘ ɼʅʂ ʤʘʣʦʡ ʜʣʠʥʳ (269 ʧ.ʥ.) ʤʳ ʥʘʙʣʶʜʘʣʠ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʝ 

ʦʪʩʫʪʩʪʚʠʝ ʥʘʩʳʱʝʥʠʷ ʧʨʦʮʝʩʩʘ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʫʙʩʪʨʘʪʘ: ʢʦʣʠʯʝʩʪʚʦ 

ʧʦʛʣʦʱʝʥʥʦʡ ɼʅʂ ʫʚʝʣʠʯʠʚʘʣʦʩʴ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʢʦʣʠʯʝʩʪʚʫ ɼʅʂ, ʜʦʙʘʚʣʝʥʥʦʡ ʚ ʩʨʝʜʫ 

ʠʥʢʫʙʘʮʠʠ ʩ ʤʠʪʦʭʦʥʜʨʠʷʤʠ (ʨʠʩ. 8, ʘ). ɺ ʩʣʫʯʘʝ ʠʤʧʦʨʪʘ ʬʨʘʛʤʝʥʪʘ ɼʅʂ ʩʨʝʜʥʝʡ ʜʣʠʥʳ 

(2,7 ʪ.ʧ.ʥ.) ʙʳʣʘ ʚʳʷʚʣʝʥʘ ʩʪʫʧʝʥʯʘʪʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʧʨʦʮʝʩʩʘ ʠʤʧʦʨʪʘ ɼʅʂ ʦʪ ʝʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ: ʢʨʠʚʘʷ ʪʨʠʞʜʳ ʚʳʭʦʜʠʣʘ ʥʘ ʧʣʘʪʦ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʚʦʚʣʝʯʝʥʠʝ ʚ ʧʨʦʮʝʩʩ 

ʠʤʧʦʨʪʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʫʪʝʡ (ʨʠʩ. 8, ʙ). 

 
ʈʠʩ. 8. ɸʥʘʣʠʟ ʢʠʥʝʪʠʢʠ ʠʤʧʦʨʪʘ ɼʅʂ (ʘ) ʤʘʣʦʡ, 269 ʧ.ʥ., ʠʣʠ (ʙ) ʩʨʝʜʥʝʡ, 2,7 ʪ.ʧ.ʥ., 

ʜʣʠʥʳ ʚ ʤʠʪʦʭʦʥʜʨʠʠ S. tuberosum ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʇʎʈ 
ʀʥʢʫʙʘʮʠʶ ɼʅʂ (ʫʢʘʟʘʥʦ ʢʦʣʠʯʝʩʪʚʦ ʚ ʢʘʞʜʦʡ ʧʨʦʙʝ) ʩ ʤʠʪʦʭʦʥʜʨʠʷʤʠ (100 ʤʢʛ ʙʝʣʢʘ) ʧʨʦʚʦʜʠʣʠ 

ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥ. ʄʪɼʅʂ ʵʢʩʪʨʘʛʠʨʦʚʘʣʠ ʠ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʇʎʈ-ʈɺ. ʇʨʝʜʩʪʘʚʣʝʥʦ ʩʦʜʝʨʞʘʥʠʝ 

ʬʨʘʛʤʝʥʪʘ ʛʝʥʘ GFP,  ʥʦʨʤʠʨʦʚʘʥʥʦʝ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʵʥʜʦʛʝʥʥʦʛʦ ʛʝʥʘ NAD4. ʂʦʣʠʯʝʩʪʚʦ ʩʫʙʩʪʨʘʪʘ ʚ ʧʨʦʙʘʭ 

ç1 ʤʢʛè (ʛ) ʠ ç0,5 ʤʢʛè (ʜ) ʜʣʷ ʬʨʘʛʤʝʥʪʦʚ 269 ʧ.ʥ. ʠ 2,7 ʪ.ʧ.ʥ., ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʠʥʷʪʦ ʟʘ ʫʩʣʦʚʥʫʶ ʝʜʠʥʠʮʫ. 

ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʥʝ ʤʝʥʝʝ 10 ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʦʚʪʦʨʥʦʩʪʝʡ. ɼʦʧʫʩʢʠ ʥʘ ʜʠʘʛʨʘʤʤʝ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʳʝ ʦʰʠʙʢʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʷʚʣʝʥʥʘʷ ʩʪʫʧʝʥʯʘʪʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʛʣʦʱʝʥʠʷ 

ʤʠʪʦʭʦʥʜʨʠʷʤʠ ʬʨʘʛʤʝʥʪʦʚ ʩʨʝʜʥʝʡ ʜʣʠʥʳ (2,7 ʪ.ʧ.ʥ.), ʥʦ ʥʝ ʤʘʣʦʡ ʜʣʠʥʳ (269 ʧ.ʥ.) ʦʪ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ɼʅʂ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʥʝʩʢʦʣʴʢʠʭ ʤʝʭʘʥʠʟʤʦʚ ʪʨʘʥʩʧʦʨʪʘ 

ɼʅʂ ʚ ʤʠʪʦʭʦʥʜʨʠʠ, ʟʘʚʠʩʠʤʳʭ ʦʪ ʜʣʠʥʳ ʪʨʘʥʩʧʦʨʪʠʨʫʝʤʳʭ ʤʦʣʝʢʫʣ. 

ʀʟʫʯʝʥʠʝ ʨʦʣʠ ʤʝʤʙʨʘʥʥʳʭ ʙʝʣʢʦʚ ʤʠʪʦʭʦʥʜʨʠʡ ʘʨʘʙʠʜʦʧʩʠʩʘ ʚ ʠʤʧʦʨʪʝ ɼʅʂ 

ʨʘʟʥʦʡ ʜʣʠʥʳ 

ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʯʠ ʧʦ ʠʟʫʯʝʥʠʶ ʨʦʣʠ ʢʘʥʜʠʜʘʪʥʳʭ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʭ 

ʤʝʤʙʨʘʥʥʳʭ ʙʝʣʢʦʚ ʚ ʪʨʘʥʩʧʦʨʪʝ ɼʅʂ ʚ ʤʠʪʦʭʦʥʜʨʠʠ ʥʘʤʠ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ 

ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʘʷ ʨʘʙʦʪʘ, ʚʢʣʶʯʘʚʰʘʷ ʵʪʘʧʳ (1) ʟʘʢʘʟʘ ʩʝʤʷʥ ʣʠʥʠʡ ʘʨʘʙʠʜʦʧʩʠʩʘ, 

ʤʫʪʘʥʪʥʳʭ ʧʦ ʠʟʙʨʘʥʥʳʤ ʛʝʥʘʤ ʠ ʧʦʣʫʯʝʥʠʷ ʛʦʤʦʟʠʛʦʪʥʳʭ ʨʘʩʪʝʥʠʡ ʵʪʠʭ ʣʠʥʠʡ, (2) 

ʬʝʥʦʪʠʧʠʯʝʩʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʫʪʘʥʪʥʳʭ ʣʠʥʠʡ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʥʘʨʘʱʠʚʘʥʠʷ 

ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʜʦʩʪʘʪʦʯʥʦʛʦ ʜʣʷ ʧʦʩʪʘʥʦʚʢʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ 

ʥʘʤʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʝʩʢʦʣʴʢʦ ʛʦʤʦʟʠʛʦʪʥʳʭ ʣʠʥʠʡ ʘʨʘʙʠʜʦʧʩʠʩʘ, ʥʘʟʚʘʥʥʳʭ vdac1, 

vdac2, vdac3, vdac4, tspo, drp3a, drp3b, om47 ʠ mic60, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʙʦʟʥʘʯʝʥʠʷʤʠ ʛʝʥʦʚ, 

ʠʥʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʚʩʪʘʚʢʦʡ ʊ-ɼʅʂ. ʌʝʥʦʪʠʧʠʯʝʩʢʠʝ ʨʘʟʣʠʯʠʷ ʠʤʝʣʠ ʪʦʣʴʢʦ ʪʨʠ 

ʤʫʪʘʥʪʥʳʭ ʣʠʥʠʠ ʧʦ ʠʟʦʬʦʨʤʘʤ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʛʦ ʧʦʨʠʥʘ VDAC1, VDAC2 ʠ VDAC4. 

ʆʩʦʙʝʥʥʦ ʚʳʨʘʞʝʥʥʳʝ ʨʘʟʣʠʯʠʷ ʩ ʣʠʥʠʝʡ ʜʠʢʦʛʦ ʪʠʧʘ ʧʦʢʘʟʘʥʳ ʜʣʷ ʠʟʦʬʦʨʤ VDAC2 ʠ 

VDAC4. 


